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PREFACE. 



To make this work better than the Foes! 
Edition, I have rewritten it and extend* *1 the 
matter in the following order: 

Chapter I. contains the proportions for >.in ■:;]*■ 
ported slide valves, which I have treated at some 
length, e cplainiiig not only their use at the beat, 
hut also what to avoid. Tin- 1 cmuho are put 
forth in a simple and practical style for the 
purpose of general application. 

Following on from thia, I have written Chap- 
ter II. under the heading of exhaust relief, and 
double and treble ported slide valves ; for these 
I have also investigated the proportions under 
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all ciroinn ootlcJngra particular tin- u idth 

of the supply opening caused by tl. on 

the cylinder facing, width of the large bar, and 
amount of opening for the main exhaust port. 
The examples described in these chapter* are 
taken from actual construction; the proportions 
therefore form a guide for future practice. 

As the mechanical matters that relate to the 
out-side lap of the slide valve must he nod 
before producing that proportion, I have in 
Chapter III. considered the following questions: 

The variation in the speed of the piston and 
crank pin; relation of the travel of the valve 
to the eccentric circle; and <l i ition of the 
pathg of the crank pin and centre of eccentric. 

I have endeavoured to explain their meaning 
as much as possible from the result of practice, 
and I think the subject will be found to have 
been well ventilated. 

In ( banter IV. the geometrical demonstrations 
to produce the outside lap of the slide valve for 
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any point of cut-o£ &c t hare neen fully ex- 
plained. 

Of foreign authors, Dr. Zeuner, a German, and 
Messrs. Long and Bml, Americana, hsm turn 
referred to and quoted. Tlio English authorities 
I have cited are Proieusojf UaaJrine and Messrs, 
Watt After that I dealt with the matter, 

investigating nud explaining the actual mem 
and practical value of the versed sines of the crank 
and eccentric aror, their application and iefi 
and the reason why the length of the eccentric 
rod mud hear s relation to the length of 

ih. main connectbg-Tod, and the position of the 
latter to that of the slide raJ 

The application of the slide valve as an ex- 
pansion valve has been explained in Chapter \\ 

Chapter VI. is an explanation of the propor- 
tions of modern slide valves in actual practice 
by the firms of Messrs, Perm, Muudslav, Ren&ie, 
Ravenhill, Watt, Napier, Dudgeon, Winter, 
Spencer, <&c. 
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Single, double, and treble ported slide valves 

are described ; also valves for compound engines 

and expansion elide valves ; making in all eleven 

mples, fully illustrated, and all the main 

dimensions given. 

In Chapter VI L the most modern types of 
packing rings and their means of adjustment 
for slide valves arc explained and completely 
illustrated. 

As a conclusion, Chapter VIII, treats of general 
Tvations, taking up certain mutters and dis- 
posing of them as far as practice will admit. 

The number of illustrations in the first Edi 
was only eighteen ; this Edition has thirty-eight, 
with thirty-seven pages of additional descriptive 
matter; and thus the entire subject has not only 
been extended in explanation, but in illustration 
also, up to the practice of this date. 

K. P. Burgh. 

TS, Wttefco Bridge LoodoB, &, 
Sept. 1,186*. 
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CHAPTER I. 

MXGLS POUTED COMMON AND EXHAUST RELIEF SLIDE 
VAI.\ i J, 

Slide valves of the present day are divided 
into three classes or kinds — common, exhaust 
relief, and equilibrium. Wc therefore commence 
with the description of the common slide valve, 
which is illustrated by Fig, 1, This will lw 
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readily understood by the diagram, as to its 
shape, &c. ; but it will not be out of place, per- 
haps, to give an example, as a reference for the 
proportions of the valve in relation to the ports 
in the cylinder. Let- it be presumed, then, that a 
valve is required for an engine of 65-horse power 
nominal, adapted for the screw propeller. Al- 
lowing 17 '5 square inches per horse power, the 
cylinder would equal about 38in. in diameter, 
having a stroke of 2ft. The area of the steam 
port supply being generally about 1 square inch 
per horse power, the result would be 65 square 
inches. Thus far having determined this propor- 
tion, it now remains to decide the proportion of 
the ports, &c., not at a guess, but by correct 
data, which will produce all the dimensions ac- 
cordingly. It will be noticed next, in the dia- 




Common Slid* Valve at fuil Stioke. 
Fio. 2. 
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gram, Fig. 2, that the valve, when at fill! stroke, 
has opened the port for the full width, hence the 
term " common slide." Now, it is obvious that 
the area of the port being given, and the same 
being divided by its lengrli. i:,.- result will pro- 
duce the requisite width, which latter dimension, 
in the present example., will be 2 Jin,, outside 
lap l|in., inside lap ! ; in.; having thus far agreed, 
the following rules will supply what is required 
to complete the matter: 

Widih of cylinder bar = thickness of metal of 
exhaust passage xl 

Width of exhaust space in valve = width of 
port supply x 1 -5 + half travel of the valve + width 
of bar, minus inside lap. 

Width of exhaust port in cylinder = width of 
bais minus inside laps, define ted from the width 
of exhaust space in the valve, 

Mow, as the fcw< i last rules may require a little 
explanation, it will be well to explain their origin. 
The exhaust space in the valve is that part- which 
allows the steam to escape into the exhaust port. 
It is the general practice that the area of thi* 
port should exceed that for the supply; some 
engineers prefer supply 1, exhaust 2 ; others, the 
former I, the latter 1*5- It is certain that when 
b 2 
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the valve is at full stroke, as in Ft£. 2. one bar 
only is in question as to the area for the exhaust ; 
the half travel of any valve, it is almost needless 
to MtyFj is the outside lap, plus the width, of the 
supply port ; thus it will be understood that the 
inside Lap must be also taken into consideration 
iv i \ '■■'•• 'lm "■■:_■ tJjl' I-. m-' proportion, although Li may 
be said this last is not of vital importance, 
to attain the correct result, it must be noticed. 

For explanation of the last rule, Fig. 1 Trill 
readily convey an idea of its origin and the truth 
of its composition ; the inside laps, it will be 
seen, determine the dimension required. Simple 
as tbis rule may appear, it is of as much impor- 
tance as those preceding it, more especially when 
requiring the width of the exhaust port by cal- 
culation in the absence of a diagram. 

Returning to the requisite dimensions for 
the example given, they will be found to be 
thus: 

Let A = width of port supply. 
B = out-ide hip, 
G = inside lap. 
D = width of cylinder bar, 
E = width of exhaust space in valve. 
F = width of exhaust port in cylinder, 
G = half travel of the valve. 
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Then, A=ip ......... 2\5 

B=* 2-5x6= i-5 

C- ■ - 12S 

® = 10 

E = 2-5 x 1-5 + 1-5 + 2-5 + [l— -125]:= 8-625 
I S-625— [1-— -]^ X 2]= . . . G-S75 
G«2*5 + 1*5= . , . . . , ,4*0 

The above calculations, and the results, repfe- 
the proportions of the valve and ports in 
Figs. 1 and 2. It may, perhaps, be well to odd, 
that the formula given will be correct for any 
proportion, whether the valve is intended to cut 
off at one-quarter, three-eighths, one-halt, iiv.> 
eighths, three-fourths, or seven -eighths of the 
stroke. Also the exhaust mriy bear any propor- 
tion to the supply, remembering, of oouwe, to 
The ratio i-equired, rather than the one given 
at present 

In Fig. 2, the valve* as before -suited, is at full 
stroke. It will be seen also that the exhaust 
end of the valve overlaps or travels beyond the 
supply port. This overlap will be found, in 
all cases, to equal the outside lap, milium that of 
the inside, T 1 lerefore, when the valve h as doss d 
the supply port, the exhaust port will be open in 
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width, equal to the outside lap minus inside 

];][■■. 

It need scarcely be added, thftt when no inside 
lap is given, the outside lap regulates the excess 
of time beyond that for the supply for exhaust- 
ing. In the example now alluded to, the areas 
of the supply ports both for exhaust and supply, 
are equal ; due, of course, to the valve travel- 
ling the entire width of the port. Now, to lessen 
the stroke of the valve would he to reduce the 
: V'-:i for Mm 1 idmlssLOfn of the steam, while that 
for the exhaust would not be affected, te. t should 
The reduction of the half-stroke of the valve not 
exceed the overlap on the exhaust side in Fig. 2. 
To retain the area for the supply of steam — but 
increase that for the exhaust more in proportion 
than in the diagrams Figs, 1 and 2, but not to 
exceed or reduce the stroke of the valve — the 
width of all the ports must he increased in pro- 
portion, hence the origin of the " exhaust relief 
valve." 

For the purpose of future comparison and illus- 
tration, it will be better to give the proportions 
and fori u r il :< t or this valve. Now, presuming an 
engine of the same power as the last example, 
and the area for the supply steam to be equal, 
also the stroke of the valve? — but allowing the 

Ith of the port to exceed that of the open- 
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ing — caused by the stroke of valve — the fol- 
lowing result is obtained^ viz. : — The exhaust 
side of the piston will be less susceptible to the 
action of the steam, which is generally known 
as back pressure or "cushioning j" the explana- 
tion of tli is will be fully described hereafter. 
The following formulas are for exhaust relief 
valves : 

Width of port = width of supply steam opening 
caused by valve x l"§. 

Width of exhaust opening caused by the valve 
= width of port x 1*5* 

Width of exhaust space in valve = width of 
port x 1*5 + half travel of the valve + width of 
bar minus inside lap. 

Width of exhaust port- in cylinder = width of 
bars minus inside laps deducted from the exhaust 
space in valve. 

Before making use of these rules, it will 
not be out of place to explain their origin as for 
those previous. To begin with the rule for the 
width of the port it will be seen that a constant 
number is given. Now, it must be strictly un- 
derstood that this sum can be lessened or in- 
H-d according to the discretion of the calcu- 
lator, the number given being compiled from 
the is of general practice. 

The second rule bears strict reference to the 
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space between the bar and the inside of the 
valve when the latter is at full stroke, hence the 




Single peited wduiurt rtlttd Bl 
Km. 3. 



Valva catling «A. 




nkwsM rrfM SMe Vih* it HH SUtke. 
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increase of area or width of the exhaust port to 
that of the supply. The width of the exhaust 
space in the valve is produced by a formula, as in 
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the first example; also the last rule now given fa 
the same in composition. In Fig. 3 will be seen 
a diagram of a valve and ports arranged for the 
exhaust relief principle. The valve is entirely 
covering one supply port, or cutting off, while that 
n the exhaust aide is partially open ; due, of 
course, to the arrangement before alluded to. In 
Fig. 4 the valve Is shown at full stroke. Now, on 
comparing the widths of the ports for the exhaust 
in Figs. 2 and 4 t the relative areas can be readily 
understood ; the scale being ihe same throughout 
It is, therefore, obvious that, while the valve b 
opening the port, for a given width as in Fig. 4, 
the width for the exhaust is considerably more, 
the increase being due to the proportions. Having 
thus briefly described the action of the valves 
B!gs, 3 and 4; for the purpose of practically 
proving the same, attention will now be given 
to the calculations. As before stated, this valve is 
for an engine of the same nominal horse power 
as in the previous example. 
Then, let — 

A = width of steam supply opening caused 
by the valve. 

B =. width of port supply. 

C - outside tap. 

D = inside lap. 
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E = width of cylinder bar. 
F = width of exhaust space m valve* 
1 1 = width of exhaust port in cylinder. 
H = half travel of the valve. 

LetA = ~=. 2-5 

26 

B = 2-5xl-5«. ...... 8.75 

C-*4x 6 = 1-5 

B= '12S 

E= . 1-0 

F = 3-7,5 x 1 % r > + 2*5 + [1 — 125] = 10*5 

G-10-5— [1-— '12fixi] = . . . 8*75 

H= 2-5 + 1-5= 40 

On referring to Fig, 4, the relative value of the 
above dimensions can : r understood. The 

supply port is opened 2£in. T but the port on 
the opposite side is opened full or 3 Jin., and the 
distance from the inside of the bar to that of the 
valve will be 5|in,, Off the width for finally ex- 
hausting ; thus it will be understood the ratio of 
to each other, is as 1 to 15. Mow this 
proportion is not imperative, as 1 to 2, or 1 to 
2^, or 1 to 3, may be adopted, or, as in Figs. 1 
and 2, they may be equal as far as regards the 
ports and openings. 

It will now be well to allude to the lead on the 
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exhaust side. It should be "understood that the 
only means of creating a perfect indicator dia- 
gram — -the best mode yet known to indicate the 
action of the steam — is to cut off suddenly and 
exhaust freely. Should the latter not be accom- 
plished the back pressure or extreme cushioning, 
before alluded to, will impede the action of the 
engine. It is, of course, well known that a lead 
on the steam sidt.; is often given, which willy to a 
certain extent, produce a cushion, or a round 
corner, in the indicator diagram ; but when 
this is intentional, the evil may be said to be 
admissible. It will be seen, in Fig. 8, the lead 
of the exhaust, is equal to the outside lap of the 
valve minus the inside lap. The same applies 
to Figs. 1 and 2, although not represented. It is, 
therefore, evident that the exhaust lead in the 
present rules is due to the outside lap minus that 
of the inside. 

The adoption of the narrow bars is correct both 
in practice and theory, the friction being reduced 
in proportion to the wider bars. The larger area 
also is maintained for exhausting the steam freely 
for a given length of valve, or stroke of the same* 
In Fig. 1 the valve is represented at half stroke, 
and it can be readily understood that the valve 
has to move the remainder of the width of the 
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bar — on the exhaust side — before the area of 
the exhaust port is reduced ; therefore, the steam 
can fairly exhaust at its greatest pressure through 
the larger area, both pressure and area being 
reduced proportionately at the same time. 

With reference to the inside lap of the slide 
valve, its vital intention is to ensure that the 
ports are covered on the exhaust side, so that no 
leakage of steam can occur when the valve is at 
half stroke. 
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CHAPTER H. 

EXHAUST RELIEF DOUBLE ASD TREBLE POSTED SLIDE 
TALTES. 

Tee common short slide valve, as previously 
described^ has been long in use for engines of all 
powers and classes, but the friction with its use 
1 1. 1- greatly b in]''.1 to retard its general adoption 

licnce the introduction of the double ported 
valve, commonly known as tne "equilibrium or 
gridiron" slide valve. The tend) equilibrium is 
to the peculiar shape of the body part of the 
valve, the steam thereby being allowed to act 
on the external and internal portions at the aw 

_-, equally or unequally, as the form will 
admit. 

This arrangement is not entirely novel. It will 
be remembered, doubtless, by many, that the slide 
valves used for tike old table and other engines 
were hollow between the faces ; the supply steam 
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acting on the exterior portion, and the exhaust 
on the interior, thus causing an equalisation of 
the action of the steam, due to that portion it 
surrounded. The equilibrium slide valves of the 
present day are not much varied in principle, the 
difference being due rather to proportion than 
design. 

Fig. 5, en page 14, is a good example, properly 
proportioned, both for supply and exhaust re! 
It will he readily understood that the stroke of 
tlii* valve will be exactly half of that of the com- 
mon slide: due, of course, to the double ports in 
the place of single. Another great advantage in 
Hmj reduction of the stroke of the valve for the 
ie power is, in the proportions of the eccen- 
tric rods and links in a given space, part : 
where direct action is require*! The frictkmal 
surface is, perhaps, increased in the present ex- 
ample as compared with that of the common 
kind ; but this evil is counteracted by the reduc- 
tion of the stroke, and the almost neutral action 
of the steam on the valve. The valve seen in 
1 "12. § is at half stroke or covering all the ports 
Fig. 6, on page 15, will be understood to illus- 
trate this valve at full stroke; the supply Steam 
is indicated by full line arrow?, while that for the 
exhaust is represented by the dotted kind, as in 
the preceding diagrams. 
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The often practical mode to ascertain the di- 
mensions tor a given valve has been by diagrams 
"i i slips of wood, cutting and carving them, as 
the case requires. Now, presume the absence of 
diagrams and tHo facility for producing any. cal- 
culations properly founded, will produce a cor- 
rect result, without fear of doubt as to the prac- 
tical value of the dimensions attained. In order 
to prove the truth of this statement, presume that 
the diagrams on pages 14 and 15 illustrate a 
valve ami ports for a cylinder of 50-horse power 
nominal. Let it be assumed that the width of the 
opening caused by the slide is lin ., the outside 
lap to be l^in., the inside lap to be y'o™*» an ^ 
the width of the narrow, or inside, cylinder and 
valve bars, to be 1J in. each* Having deer I I 
on these dimensions, the remaining proportions 
are produced from formula?. Now, for engines 
moving at high velocities, it is necessary that 
the exhaust should have a lead, on the sup- 
ply, which will, of course, as before stated, be- 
due to the width of the outside lap, minus inside 
lap. The proportion of the ports supply to that 
for the openings is not imperative. The same 
may be said of the exhaust port in relation to 
that for the supply. Presuming the width of the 
latter to be 2in. each, the following formulas will 
supply the requisite dimensions. 

c 
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Width of exhaust space in valve = width of 
tiro ports supply xl'5 + half travel of the valve + 
width of small cylinder-bar minus inside lap. 

Width of exhaust port in cylinder = width ot 
small cylinder-bars, minus inside laps deducted 
from the width of exhaust space in the valve. 

Width of large bur In cylinder = outside lap + 
width of opening cau.<$cd by valve + width of 
Mimll bar in the vnhv j half travel of valve. 

Or, the formula can be arranged thus: travel 
of valve -i- width of small bar in the valve. When 
the width of the small port in the slide valve ex- 
ceeds the width of the opening' caused by the 
elide, this rule must be : towed of valve + width of 
■small bar + the excess alluded to* 

i teat the truth of these rules will be to dis- 
arrange all the proportions, but before entering 
Into that subject it will be well to explain the 
reason for the present constants. The "width 
of the exhaust space b the valve" — on refer- 
ring 10 Fi«i. 5, in page 14 — will be understood 
to be based on two fixed proportions, viz. ratio 
of the supply ports to that for the exhaust, and 
the h:df travel of the valve. On referring to 
Fig. 6, in page 15, it will be seen that one bar 
only affects the exhaust from the outside port, 
hence the allusion in the rule to one bar. The 
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last portion of this rule may seem super fliious 
but when a certain dimension, or rather propor- 
tion, is fixed upon, the inside lap must be consi- 
dered. Another reason for its introduction ia, 
that the valve, when at full stroke, partially 
covers the centre or exhaust port in the cylinder 
— sen Fig. 6. It is, therefore, requisite to observe 
whole of the formula given to attain a correct 
or fixed proportion of supply to exhaost. 

The next rule, "widih of exhaust port in the 
cylinder," is baaed on the result of the tot for- 
mula. On referring to Fig, 5 this will be wp 
rent, and the relationship readily understood. 

ill be better to add that narrow bars art i 
imperative, although now generally introduced; 
and that wen' wide burs used, the formula under 
notice would he the same. 

The third rule is the M width of the large bar/' 
This thmeT the mo>t important of alL 39 

from or on it must be set out the openings, or 
ports and bars, in the valve. Now, to some this 
undoubtedly may seem a simple process; but in 
the 1 1 fence of a diagram u correct formula is 
invaluable. 

To return to Fig. 5 again wfll perhaps assist the 
mind more readily in understanding the prin- 
ciples on which this formula is based. Let it he 

'?. 2 
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presumed that the valve is removed from the 
fitee of the cylinder, the plain surface will be, 
perhaps, perplexing, and the reasons for the fixed 
dimensions i <■■■, terious. On glancing at 1%. >i 
i. •■ truth will be apparent. For example, the 
large bar in the present illustr:: Is 6] in. 

deduced by the formula. In Fit 5 the valve is 
a- half stroke. Let it lie presumed that the act 
of testing the truth of the dimension is in opera- 
Commencing on* the inside part of the 
large cylinder bar, we set' off on it towards the 
outer side, or from the centre line, the outside 
lap. From this last point is set out the width of 
opening caused by the valve, or the width of the 
supply port in it : next the width of the small 
valve-bar. From this point set off the half travel 
of the valve, and the result will be the dimension 
alluded r,o. Thus far, having proved the basis 
of the formula for a given dimension and pro- 
portions, it. may with justice be argued that, us 
only one example has been introduced, further 
explanation is requisite. To further demonstrate 
by different proportions would at present be con- 
fusing, until those alluded to are disposed of. 
Then, let 

A = width of steam supply opening caused 
by the valve. 
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B = 


outskle lap of valve. 




C« 


inside Lip of valve. 




D- 


width of pore supply. 




E = 


narrow bar. 




F. 


half travel of the valve. 




G- 


width of exhaust space in 


the valve. 


11 = 


with of exhaust port in th< 


j cvlinder. 

■ 


U 


width of large bar in the cylinder. 






' -■:■■■■_-• 


Then A - 


• » . . • i P » 


. 1 


B = 




m 




. 1-5 


C- 




9 


■ , * 


. -0625 


D. 




- 


■ * » i * 


, 20 


E = 




.. 


■ . . t . 


. 1-25 


F- 


1 


f 1-5 = 


• , , , . 


, 25 



G= 2 + 2 k1*+S* + [1*25- *0(525}=9-6875 
II = 9*6875 -j>25- -0625 x 2] - 7*3125 
I -1-5 + 1 + 1-25 + 2-5 =6*25 

These calculations and their results bear strict 

« 

reference to Figs. 5 and 6. It will be seen in 
•hat the exhaust passage in the valve is 
wider than the port supply, and abo overlaps the 
same. Now. thk proportion of passage to port 
is partially due to the proportion of the half 
travel to the port It will be well to add that the 
correct overlap can be known by F - [D -3- C]. 
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As before stated, the proportion of the large 
bar is the most important; therefore further re- 
marks will not be out of place. The overlap on the 
large bar will, of course, be equal to that already 
alluded to. The constant number given in the 
formula for the large bar is not a. fixed sum ; also 
any proportion of lap to the width of the port or 
opening, to cut off at. a given stroke of the piston, 
can be maintained ; but it is almost needless 
to add that the overlap will be increased in pro- 
portion also. For example, let it be presumed 
the values of 

Inches* 

A= , , 1 

B= .3 

C= ........ 0-125 

D= . , 2-0 

F= 4-0 

Then the overlap = F-[D + C]«1 "875, in- 
creasing the large bar in correct proportion iiho. 

Now, as the two examples given are in propor- 
tion to each other, i. &,, with an excess of overlap, 
and lead for the exhaust ; also the large bar ex- 
ceeds the total of A, B ? C, D, and E ; due, of 
course, to the proportions decided on. We will 
next imagine a valve to be proper dowed so that 
there shall be no overlap — but this is given for 
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comparison only, not as a correct proportion. In 
order to make this more concise as Well as prac- 
ticable in all cases, the following formula will 
greatly assist. Lei F = D +■ C, commencing then 

with this formula, I 

l __- 

A- 1 

B- 1-0625 

C= 0-0625 

1)= . . . . . . . . J" 

E- 1-25 

Then U A - B -C + D + E = 6*S7& 
Again, 1 = B+A + E+F~ 5-S75, 

By thlfl it will ho seen that the results are 
alike, thus proving the truth of the concise for- 
mula alluded to. It is well known that, in some 

-. for practical reasons, the laps anil lead- 
valves now under notice are unequal, in order 
to preserve a correct action. To attain this iln- 
width of the steam supply mid exhaust ports in 
the valves, as well as the large bars In the cylin- 
der, would be varied, but the formula here given 
would not be materially affected. 

From the l ' ._ isions it is evident 

idth of the steam opening caused by 

the valve has much to do with the travel of the 
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same, and that to reduce the travel, the width 
must also be contracted. It has been shown 
that by having two porta in the place of one, 
this cart be accomplished in proportion ; and we 
now follow on to a still greater reduction of 
travel by the use of the three ported valve, as 
shown by Fig. 7. 




Treble ported exhaust reliuf Slide Valva at half Stroke, 
Fiti. 7. 

Now, if we return to Fig. 5, in page 14, we 
shall see that, the cylinder has two ports on each 
aide of the small bars confining the main or 
central exhaust port* On comparing that with 
the present example, it will be seen that on each 
side of the small bars there are three ports, two 
of which are wider than the third, and that 
there are also two wide bars in the place of one* 
as in Fig. 5, 

We have fully demonstrated the fact that the 
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width of the large cylinder-bar t under ordinary 
circumstances, to be of proper proportion, should 
equal the travel of the valve plus the small bar 
in tli- valve ; and we may now add that this rule 
i really the basis of the method for producing the 
cylinder bars in the present illustration, for it 16 
plain that the width of each large bar here also 
equals: the outside lap + the width of Mv-fjm port 
iu the valve + the small bar in the valve + the 
half travel of the valve. As there are two wide 
bars in the cylinder on each side of the small 
bars, it is essential that th« f these 

should be equal, and thus each are produced 
from the above formula. 

El may be noticed next that the two inside 
wide bars oil each side of the exhaust ports in the 
valve are both of the same width, and that they 
are produced by this formula; inside lap + 
width of one small exhaust port, in the cylinder 
+ outside lap. The two widest bars in the valve 
at the extremities are equal in width to the large 
bars in the c\ lirtders. 

To enable this matter to be more easily under- 
stood, the illustration. Fig. 8, on the next page, 
is introduced at a larger scale than that of Fi^r. 7 
The valve is shown at full stroke., and the arrows 
indicate the passing of the supply and exhaust 
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steam ■ where it is shown that the supply steam 
is admitted through t'.'iree narrow porta, and the 
exhaust steam out through two wider ports. 
The m:: in proportions of valves of this class are 
produced from the following lb n nuke : 

Width of one supply steam opening in the 
slide valve = one-third of 
the total width of the area required. 

rh of one wide port in i ider m width 

of one supply opening x 3 or 4, as may be agreed 
on, to allow a full area for the exhanst steam. 

Width of main exhaust opening in the cylin- 
der caused by the valve = width one cylinder port 
x2. 

Width of maiu exhaust port in the cylinder = 
width of main exhaust opening + half travel of 
valve - [width of small bar in cylinder - inside 
lap of valve]. 

Width of main exhaust spare in the valve = 
width of main exhaust port in the cylinder + 
[width of lx>th small bars in the cylinder -in- 
>i '-- --■; -] 

Width of large bar in the cylinder- travel of 
valve — width of small bar in the valve.* 

Width of large bar in the valve = outside lap 
+ width of small exhaust port in the cylinder 
+ inside lap. 

* AWo we fernnla im page 19. 
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Width of outside large bar in the valve = width 
of large bar in the cylinder. 

Width of end exhaust port in the valve ■ width 
of large bar in lie cylinder— [width of small bar 
in valve -*- width of small port in valve + outside 
lap + inside lap]. 

Width of small ports in the valve and cylinder 
-. width of one steam opening caused by the 
valve. 

To prove the veracity of these formula), we 
must put them in order as is the preceding ex- 
amples, and, as the best means of doing so. we 
will refer to a valve of this class designed by the 
rior for one of the cylinders of a pair of marine 
engines of 800-horse power collectively nominal : 

A = width of steam supply opening caused by 
the valve. 

B = width of small exhaust port in the cylui- 

C = outside lap of the valve. 

D = inside lap of the valve. 

E = half travel of the valve. 

F = width of exhaust opening caused by the 
valve in the cylinder. 

Gr = width of narrow or small bar in the 
cylinder. 

H m width of main exhaust port in the cylin- 
der. 
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1 = 

J = 

K = 

L = 

M = 
N- 

Then, 

A= 

15- 
C- 

E- 

F. 
G 

M - 
1 = 
J- 

L„ 
M = 

0- 



width of main exhaust space in the valve, 
width of large bar in the cylinder, 
width of large bar in the valve, 
width of outside large bar in the valve. 

width of narrow bar in the valve, 
width of cud exhaust ports in the valve, 
width of small ports in the valve and 
cylinder, 



1-375 + 3-25 = 
4x2 = 



as — 

lacba. 

1375 

........... 4-0 

3:':. 

Gfi 

..... 4*625 

..... 80 

1-25 

8 H- 4€>25 - [i -25 — -Qfv2;3] - . , 1 1 -J 

1 1*4375 + [1*25 x 2 ~2 x 0625]= 138125 

4-625x2+1- 10-25 

325 + 4 + -0625= ..... 73125 

1025 

1-0 

10-25— p + 1-375 + 3-25 + -0625= 45625 

i •:,:.*► 



We have thus given the J ace dimensions of the 
valve and cylinder as far as the widths of the 
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ports and*bars are concerned, and we may now 
add thai the formulas arc applicable for any 
proportions. The main matter, indeed, is but 
i 1 i "ns of laps, widths of openings and ports : 
therefore the remaind«sc follows in direct pro- 
portion, unless an unequal dimension at any 
part is agreed on. h is as easy to prop on 
a valve for four or six openings as two, by re- 
membering the relation of the lap to the opening, 
which will be explained in detail in the next 
chapter, the present being merely the arraT _ 
meat of the formulae when the main features of 
the proportions are agreed on, together with a 
description of slide valves of the most popular 
kind. 



[ 
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HE( TUNICA!. W ATTEES THAT RFJ ATE TO THE OUTSIDE 

lad or the mjde valve. 

3%* variation in tie spud of the piston and the 
crank pin, — To put this matter in the iiiosi prac- 

deal and correct form, the diagram. Fig, *) re- 

quisitery put in pii and 41— i& Introduced, 

which represents the centre lines of a connect ii 
rod and crank nt/tee positions. The stroke of the 
piston k I) ft. i\ in., and the length of the connect- 
ing-rod between © litres is 9 ft. i] in. The plane or 
horizontal length of the motion, is divided into 
six parts, and the points of cut-off are iiw. As 
the motion of the piston and diat for the connect- 
ing-rod pin are alike, it. can be readily understood 
that the points 1, 2, o\ 4, and 5, on the plane line, 
refer to the piston also; and the poin t» on the crank 
circL apply in ftp -i n lation to the crank p 

wing this, and know ring also that the piston- 
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rod connects the end of the connecting-rod to the 
piston, rii. latter can be ignored in the descrip- 
tion, and tin' lineaL motion of the connecting-rod 
only alluded to. 

Suppose, now, that the connecting-rod is at 
the inner end of its path, the crank will be on 
the horizontal line of the circle. The end of the 
rod is next assumed to be at the point 1, and has, 
therefore, travelled back fin. 5 but the crank pin 
has moved on its path a length of about three 

lea that, while the dotted are of the crank's 
position shows the same advance 88 the con- 
necting-rod pin. The latter then moves to No. 

2 point, and' also the crank pin on its circle to 
the same number of position. In this case the 
difference in the lengths of the travel of each pin 
is 'Considerably reduced, being in the proportion 
of about as 7 is to 9 only. This becomes less in 
relation to the travel of each pin during from 2 to 

3 and from 3 to 4 ; while from 4 to 5 it is nearly 
equal to the proportion of that from 1 to 2, and 
tV.niii 5 to the end of the stroke the ratio is about 
7 to 12*35. It will, of course, have been noticed 
that the lineal positions of each pin on tbe hori- 
zontal line are eqnal throughout, those for the 
crank pin being indicated by the dotted arc? 
within the circle. 
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From this diagram, or any other of the same 
principle the difference in the speeds of the crank 
pm and piston can be f uthfutly depicted duriis- 
the several portions of the motion. 

For example, if the piston only moved 7 in. 

from the end of its path to the point 1, while 

the crank pin moved 21 in. on the length of the 

arc of the circular motion, the speed of the piston 

tt be one-third of that of the crank pin ; so 

bv knowing the ratio of the distances passed 

rough by the two pins in the „,,,,,» tf^ tlie 

difiference in Ehe speed of each is easily obtained. 

_ Relation of the travel of tlw value to the eccentric 

ctrde.-~W\wn the length of the motion for the 

«w« ' i tw is the Sl une as the diameter of the 

acentric cii the action h termed "direct/' 

which, indeed, is the present practice as a rule 

with few exceptions. The cir.de referred to is 

really the same in relation t the slide valve's 

motion as the crank circle is to the path of the 

piston, which we have just explained. 

To enable the present subject to be understood 
at once, without wading through much descrip- 
tion, we introduce die diagram, Fig. 10, on the 
nest page, which shows the path of an eccentric. 
b?t it be assumed itis 6 in, in diameter, the width 
of opening— termed port in the diigum— is 1 in. f 

D 



u 
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Seal*- i i I root. 

D-Ufiraqi of tin t'nch of aa EeCBtttrftti 

Flu. in. 



and the remainder of the half diameter will be 
die outside lap, 2 in. j the vertical lines depict the 
points of division, BO that it is obvious that the 
lineal "width of the eccentric circle is divided into 
four parts, thus: ports or openings opposite each 
other, at the [ties, and the lajt> between. 

Delineation efthtjxiths of the crank pin, and i 
aceoifrK. — It is doubtless universally known 
that, virtually, the crank path is divided into four 
distinct part*, also that for the eccentric. The pro- 
portions of these divisions arc practically regulated 
by the grade of expansion agreed on to be main- 
tained. Fig. 1 1 represen ts a crank path, the chords 
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Diagram of Uu Palh &f dw Crank 1'n. 
Fhs. IJ. 

Ukatnig the divisional points, the relative pro- 
portion is, therefore, readily understood. No, 1 
is the chord of supply, No. 2 that for expansion, 
N>. 3 relates to exhaustion, and No. 4 repre- 
sents neutrality; or that portion of the stroke 
of the piston when the port on the exhaust aide 
is covered, often termed compression, eonne- 
queatly, the piston for a period is devoid oj 
-sure or vacuum. The length of the cliord 
I is due to two causes, the grade of expansion 
and the length of the connecting-rod It will 
be noticed that the chord at the plane line in- 
tersects with the circle slightly below the ean 
this last intersection is the angle that the crank 
rues when the slide valve commences to open 
the port, and the vertical distance from the inter- 
section to the plane line is due to the lead re- 
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quired. The upper point of intersection, as before 
explained, is subject to the curve assumed by the 
emnecting-rod from a point, or distance, on the 
plan line to the circle of the crank path. TUe 
length of chord No. 2 is regulated by the inside 
and outside laps of the slide valve. The exj- 
Hon of the steam is now presumed to be in full 
operation, and is released by the opening of the 
port on the exhaust side, hence the intersection 
of the chord at No. 8. The length of iln" lii.sl- 
mentioned chord is, more than any other, due to 
the traverse of the valve, or the time occupied 
in opening and closing the port for exhaustion, 
Now in the case of an increase of supply steam, 
the time for expansion and exhaustion would 
I ssenedin proportion, it being remembered that 
the circle described by the crank pin cannot he 
increased or decreased fur a given length of stroke 
of piston. The circle, us before stated, is divided 
into four divisions, and the alteration in the grade 
of expansions or length of connecting-rod affects 
the wholeproport ionately. The concluding chord, 
Xo. 4. represents neutrality, or, as hefore stated, 
that portion of the stroke of the piston where the 
vacuum and steam is cut off for a given period, 
commonly known us compression. It will be re- 
membered that. The chord of expansion is due to 
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the outside and inside laps, LA, when the limit of 
Che valve n at the edge of ihc supply side of the 
port, the valve has to travel forth until the inside 
edge permit* exhaustion or destroys expansion — 
see Kg, 3, in page S ; directly this ensues the 
value is at half stroke, plus inside lap; ex- 
haustion then continues until the valve has re- 
sumed its position, but travelling in a reverse 
direction. The position of the valve when ter- 
minating exhaustion will he half stroke, minus 
inside lap, Tt is shown that the length of the 
chord fin- expansion and compression, are nearly 
equal in the example given ; it may also be added 
that any variation in these two chords* will de- 
pend on various Causes, SUch Oft unequal laps and 
^ &c< &c, but with certain arrangements 
both are equal. The fact of the compression 
being the same as the expansion, U of no vital 
importance ; it is certain there would be a gain 
in m ai ntaining expansion longer, and exhausting, 
till the supply commenced, and thus dispensing 
with compression; but ihe present mode of 
motion for the slide valve would have to be 
carded, as an extreme varied movement is cssen- 
rial for the purpose. 

The proportions o£ the path of the crank pin 
can thus be clearly understood. As at present 
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arranged — compression, supply, and expansion, 
from one portion of the circle, and the remainder 
is occupied during exhaustion, the latter func- 
tion being the largest in operation and time. 

It may be added — that the diagram under 
notice relates to one stroke of the piston only, 
and therefore to only hall" a revolution of the 
crank pin ; there is, however, a slight variation in 
the lengths of the chords on the return stroke, due 
especially to the angle of the eccentric in relation 
to that of the crank. Obviously, then, the ar- 
rangement of the slide voice, m relation to that 
of tlie connecting-rod, should be considered as to 
the attainment of equal action; for tlie versed 
sines, of the arcs of tlte chords, passed through 
by the crank pin, for such angle of cut-off for 
a given supply of steam are unequal, also thai 
/■>)• the eccentric, when die valve is at the same 
side of tlte crank as the connectin/j-rod. This, 
however, can he counteracted to a certain extent 
?hort eccentric rods, and levers, reverse in 
action, and situated to compensate for the in- 
equality of the speed of the circular and sliding 
motions, the attainment of which is of great im- 
portance. 

As an illustration of this, Fig. 12 represents 
the circle described by the crank pin for a given 
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Draft m «f ct* Angles rf :>• C***k 8=4 Ecsesuie. 
AB.1t, 

stroke of piston. The horizontal or plane line 
fa presumed to be the centre line of the motion, 
ruirl the larger dotted ares represent nn even 
• r; ■ !•• of expansion, on each side of the piston 
or at each stroke. Now it will be seen that on 
the crank — represented by the thick lines — 
moving from the plane to the intersection at A. 
a given length of stroke of piston is produced, 
due, of coarse, to ihe radius of the larger dotted 
arc. On the crank reaching to the intersection 
at B, the grade of expansion is reversed m action, 
but the same distance from the end of the stroke 
retained, 01 1 vie lal jr, the 1 1 i ffi w snee in the lengths 
of the arcs of the circle passed through are due to 
the length of the dotted arcs 1 the radii of which 
•re the connecting-rod. The smaller circle, a, 
denotes the travel of the valve or the path of 
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the centre of formation of the eccentric. The 
lesser dotted arc indicates the distance the vaLve 
must be from the edge of the port when the 
piston is at full stroke, hence the angle or ad- 
vance of the eccentric to that of the crank 




Biftgnun of the Paths <if th« Ctainectiflg-Tod Pin <iji<5 the 

Crank Pin. 

Scale % inch — I foot. 

Fig. 9, 



when on the horizontal line, or when starting 
to me to A. When the crank is at A, the 
eccentric has passed through an arc equal in 
length proportionately. The two dots on the 
circle opposite the dotted arc indicate the angles 
of the eccentric when the crank is at the plane 
line and at 8. Now it will be readily seen that 
the space between the dots is less than that of the 
intersections opposite; also the versed sine re- 
duced; evidently, then, an unequal grade of 
expansion must occur on the side of the circle 
at B, ift, if the laps of the valve are equal. It 
must also be remembered that, to increase the 
lap and retain the previous stroke of the valve h 
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to destroy the lead; hence, the slight variation 
in the time, for the supply of Steam and its esc- 
p i n si on for opposite strokes of the piston ; which 
may bo endured rather than introduce 8 wfois 
• vih or Che bet of lead at one end of the cylinder. 
There is no intimation here that perfection of 
'hauism should not be attained, but rather to 
Iain what is the general practice at present. 
The diagram now under notice — -not the one 
above, b ut th at in tb pvec* ■■■ li i »g page — illuatra fees 
til-* principle of the action of the i pi i f k and eccen- 
tric with the valve situated on the same side of 
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the crank shaft as the connecting-rod, direct 
action in each case being maintained. It will be 
seen that the arcs are all struck by the radii on 
tin- same aide of the perpendicular line, hence 
the variation just described, 

To counteract, or rather obviate, the imperfee- 

jm question, the versed shies of the chords 

indicating the partial stroke of the valve must 

be equal on each side of the perpendicular line; 

example, Fig. 13 represents a crank pin path. 




DUgmD «f the Angirt of tkt Crank ud Ecotatric- 
Fic. IS. 

and that of the eccentric, to cut off at the same 
grade of expansion as Fig. 12. In the present 
case the arcs passed through are reversed to that 
of the former, the piston is presumed to be 
moving in the same direction, but the position of 
the connecting-rod opposite to that of the slide 
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valve. It will be noticed thatthe diamefen of 
the eccentric paf lis are unequal; t>iis inequality 
is due to the variation in the arc of the crank 
pin's passage during the forward and backward 
grades of expansion, When the crank has movi d 
from the plane line to C, the eccentric has pa 
through an equal arc, and the same relative 
motion occurs from the horizontal line to D. 
Now the length of the intersection at b can be 
seen, in proportion 1.0 that between the dots in 
the circle opposite. Suffice it to say t the nearer 
these two intersections agree in length or space 
between the same, the less variation will ensue in 
the grades of expansion at each double stroke of 
the piston. It will be understood that the posi- 
f the pistons in Figs. 11, 12, and 13 are 
presumed to be alike; also the direction of the 
movement. It may as well be added that on re- 
versing the action of the piston the travel oi 
valves would be effected, and that in some in- 
stances the greater travel of the valve is pre- 
ferred, for the purpose of obtaining an equal 
lead with an equal grade of expansion for each 

■':■ l' Of tin- piston. 
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CHAPTER IV. 

CE0XETK1C.IL DEMONSTRATION'S TO FfiODl CE THE OUT- 
SIDE LAP OF THE SLIDE VALVE, FOB ANT FOIST Of 
CUT-OFF, ETC 

Thb subject now entered on has been weU 
digested by many authors, both English and 
foreign. Of the latter the best authority is Di. 
Gustav Zeurier, a German gentleman: his re 
rchefl a:nd expositions pertain, however, more 
to the locomotive' than the marine type; but, in 
rhe main, his views are correct for either, uudet 
relative circumstances. The views of our Ame- 
rican friends are represented in a work termed 
the "Cadet Engineers,'* by Messrs. Long and 
Buel, At home, Messrs. WatE, Professor Kankinc, 
Mr. D f K. Clarke, C.E., and Mr. M'F. Gray, 
claim attention for their productions, and the 
Author has also done his best to solve the 
li'in. 
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Geometry of the Slide Valve, by Messrs. 
Watt. 
sirs. Watt's mode of treating the matr< r 
under noi i unrated by Fig. 14, which repru- 

V I 6 5* 




ftfel*. 

sents the path of a crank pin 21 in. in diameter; 
length of connect i rig-rod between centres, 3 feet 
^ b., and the stroke of the slide valve, 5 in. The 
nn-Hiod of utilising the diagram is thus: - Iv, tde 
the path of the crosshead pin into inches; with the 
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connecting-rod's length as a radius, and each Inch 
as centres, describe arcs r intersecting with the path 
of the crank pin ; join the intersections by chords 
or lines, as depicted, and the result is a cor- 
rect illustration of the relative position or 
progress of the crank pin and piston. Next 
draw vertical lines parallel to the centre line as 
tangents, and above the circle, between these 
tangents, from a scale of as many equal divisions 
as the number of inches in the stroke of the valve, 
which is assuming, that virtually the stroke of 
the piston is that of the valve. Now, having 
previously settled the outside lap of the slide 
valve, next draw two tangents parallel with the 
centre. horizontal line, and on the top tangent on 
each side of the vertical centre line, set off the 
"lap" according to the u scale:" the lap being 
J4 in. actually, 1J divisions in. the scale is the 
length required, each main division in the scale 
being virtually inches. Draw vertical lines from 
the i£ laps 1 * cutting the tc circle," and prolong 
them to the bottom tangent. On each side of the 
centre line set off the " lead" of the slide valve, 
at the same scale as the "lap" on the lower tan- 
gent, and from the u lap" set off the " leads" 
also. From these last points draw lines parallel 
with the vertical centre line, to intersect with the 
"circle" above and below; connect these in tersec- 
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tions by angles crossing each other at the centre of 
the circle. Then with the chord a as a radius, 
and h as a centre, describe area on the circle, 
oppositely, and these last in r ns are the 

i trea of the cm rik pin, w hoc the slide valve has 
closed the port supply, or points of cut-off, for 
the forward and backward strokes of the piston. 
The curve seen intersecting with the circle's 
centre is described by the connecting-rod when 
the | i-^ton is at half-stroke, and, by a similar pro- 
cess, the po> be ascertained 
ar the point3 of ** cut-off," which in this case is a 
mean of 12-S2 in. from the comrnen cement of the 
stroke. As the top and bottom ** tangents"' re- 
present the steam rod vacuum sides of the slide 
valve, the position of the latter, and angles of the 
".'i it trie, are also obvious. 

Tiik Gkometkv ok the. Slide Valve, ey Da, 
Zeukj&k. 

Professor Bankine, when treating of the a Slide 
Valve Gearing,*' in his work of u Rules and 
Tables," states: 

By the angular advance of the eccentric is to 
be understood the angle at- which the eccentric 
radius stands in advance of that position which 
would bring the slidi,- valve to mid-stroke when 
the crank is at its thud points, 
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Ecu L — Given, tlie positions of the crank at 
the instants of admission and cut off; to find the 
proper angular advance of the eccentric, and the 
proportion of the lap on the induction side to 
the half travel of the flllde.* 




1>: Zeuner'd Geometrical Diagram of tbu Sltdo Valvo and Crank- 



In Fig. 15 let A I? and A C be the poo lions of 
the crank at the beginning: and end of the for- 
ward stroke ; let the arrow show the direction of 
rotation; let Xx be perpendicular to BC; let 
A D be the position of the crank at the instant of 
cut utK and AE its position at the instant of ad- 

* The rMthori need in Hi I* and the following niU-M in that of Professor 
Zeunar of the- Swiss Ifedcm! I '■ ■! ■.- " -i- 1> ni<: School at Zurich, published in 
krii trattttt oil Sllde-valy* Gearing, entitled Hie SchiefHU-ntenerungtM. 
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mission. Draw A F, bisecting the angle EAD; 
A F will represent the position of the crank at 
the instant when the slide is at the forward end 
of and FAX will be the angular 

advance of the eccentric. 

Lay off the disrauce A F to represent the half 
travel ; and on A F as a diameter describe the 
circle A II F G ; cutting A D in G and A E in H ; 

then -pn = — ~ will be the required ratio of tap 

at the induction side to half If and ; and A G = A II 
will represent that lap, on the same scale on which 
A V represent the half rrnwl 

On tho same scale I K represents the width of 
openimj of ihd valve at the hqpnning of the stroL-, 
sometimes called the " *fide. n Strictly 

speaking, this is the lead of the induction edge of 
the slide only ; the lead of the centre of the slide 
being A K ; that is, its distance from its middle 
position at the beginning of the forward stroke. 

Ill lk IK — Given the data and results of the pre- 
ceding rule, and the position A M, of the crank at 
the instant of release; to find the ratio of lap on 
the eduction side to half travel, and the position of 
the crank when cushioning begins. Produce F A 
to L, making AL = AF; on A L as a diameter 

B 
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A X 
draw a circle, cutting AM in X : then ^=r will 

A Li 

be the required ratio of lap at eduction side to half 
travel 

About A draw the circular arc N P, cutting 
the circle AL again in P; join AP; then A P 
will be the required posit m 
instant when cushioning 

RfiK III. — Given, the data and results of 
Rule L, and the position, A I r-aok at 

the instant of cushioning, to find rhe ratio of lap 
at the eduction side to half travel, and the posi- 
tion of the crank at the instant of release — pro- 
duce F A as before] on AL= V A as a diameter 

4 |> 

draw a circle cutting A Qin P: '~r— will be the 

idrad ratio of <<>;> ai &e eduction ids of half 
torn >. 

ut A draw the circular arc PN T , cutting the 
circle A L again in N ; join A X : A X will he 
the position of the crank at the instant of re- 
lease. 

Rt'LK IV. — Given, the an^Tilar advance of the 

nitric, the half-travel of the slide, and the lap 

at both sides; to iind the positions of the crank 

at the instants of admission, cut-off, release, and 

cushioning. Draw the straight linea 13 AG and 






PRACTICALLY CONSIDERED, 



51 



X A x perpendicular to each other; and take B 
and C to represent the dead points. Let the 
arrow denote the direction of rotation. Dm 
FAL, making the angle FAX- the angular 

advance of the eccentric ; and mnke AF = ALa 
Ii-i^'-r;- iv. 'I i 'i a 1' mi ' A 1, ns .|j nueterSj draw 
circles. About A, with a radius equal to the lap 
at the induction-side, draw an arc cutting the 
circle on A F in H and G ; also, with a radius 
equal to ihe lap at the eduction-side, draw an arc 
cutting the circle on A L in X and 1* Draw the 
straight lines AHE ( AGD, ANM, A Pi}, 
These will represent respectively the positions of 
the crank at the in stun is of admission) cut~o$\ re- 
lease, and cmhioi 



This Geometry of tub Supe \ by 

Messrs. Long axi> Bt 

The information alluded to in the "C 
Engineer** is described and illustrated as follows: 

Now, If we wish the port to be closed before 
the termination of the stroke, we make the face of 
the valve longer, or put on lap. In this case the 
throw of the valve must he inrreasod by an 
amount equal to twice the lap. But if excess 
lap be put on, it is evident that the travel will be 



tiie slide; valve 



much increased as to permit the steam to 
exhaust at an early j>art of the stroke To obviate 
this, we must put lap on the exhaust side of the 
vafcre. This has a bad effect in causing the 
exhaust valve to close too soon. This will be 
seen clearly in the illustration of the geometrical 
action of the slide valve, Rg, 16. Let A B equal 




bmnerical Dugru. of tha Slid* Valve bj Messrs. Lot? and Boa} 
lkfl.18." 

* Th< corvc f mm • U> V ihvufd fcf mure, ai that bctovr, e '.* U, 
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the length of stroke of our engine drawn to any 
scale. We will give the valve an amount of lap 
on the steam side equal to half the breadth of the 
steam port. The travel of the valve will then be 
equal to three times the breadth of the steam 
port. On A B, as a diameter, describe a circle 
which will represent the path described by the 
centre of the crank pin, while the piston is tra- 
velling twice the distance A B, Divide this 
circle into any number of equal parts, and draw 
perpendiculars to A B from every point of 
division. We shall thus determine the position 
of the piston corresponding to that of the crank 
at various points. With the same centre /, as 
that of the circle A r B $ t describe a circle C o D p 
having the travel of the valve for its diameter. 
This will represent the path of the centre of the 
eccentric, during a revolution of the crank. When 
the crank is on the centre, the line connecting the 
centre of the crank pin and the centre of the shaft 
will be A t ; so that if the valve had neither lap 
nor lead, the line connecting the centre of the 
eccentric and the centre of the shaft should take 
the direction tr, perpendicular to A t But in 
the present case, when we have both lap and lead, 
we make tu equal to the sum of the lap and 
lead, and through w, draw a line parallel to *r. 
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Connect tlic point o where this line cuts the circle 
with the centre, and o t will be the proper position 
for the line connecting the centre of the eccentric 
and the centre of the shaft, when the crank is on 
one centre. When the crank is on the other 
centre, this line will appear at if. Divide the 
circle Co "Dp into the same number of equal 
parts as we divided the circle ArBs, and draw 
perpendiculars to op from every point of division. 
The lengths of these perpendiculars show the 
distances travelled by the valve at various points. 
Now, let A B represent the centre of the exhaust 
port. Then draw ab and cd to represent the 
width oi one steam port, and ef and g h for the 
other, Make a % equal to L W 7 the steam lead, 
and draw a line i h parallel to a h. This is the 
line to which all our measurements must be re- 
ferred, since the valve commences to move from 
this position- Thus, when the crank has moved 
the distance A 1, the centre of the eccentric has 
moved the distance o 1, and the perpendicular 
distance of this point 1 from op will be the dis- 
tance the valve has travelled. Lay oft this distance 
below the line ikon the first perpendicular, and 
the point so determined will represent one position 
of the valve. Similarly, when the crank has 
travelled the distance A 2, the centre of the 
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eccentric has passed over o2, and itve has 

travelled the perpend ieular distance between 2 
and op. Lav oiT Tlii* dUmncc on the second pcr- 
below H-\ and we determine the posi- 
tion of the valve at another point of the stroke- 
Find tli m of the valve in this manner at 
every point of division, and through the points 
so found draw a curve which will represent all 
the positions of the valve during one revolution 
of the crank. Tt must bo o cd, in laying off 
perpendicular distances from op, that all points 
to the ripht of op are positive, and are laid off 
below ik, while all points to the left of op are 
[stive, and must be laid off above ih. We 
have not yet determined the amount of exhaust 
lap. but this can readilv be fixed, now that the 
motion of the valve is repi^esenietL When the 
pi»ron ha* made one stroke, the crank is at B and 

valve is at F. Now, if the face of the valve 
was only lj tames the width of the port, the irl 
port would be open for the steam to exhaust So 

must jmt lap on the exhaust side of the valve, 

and we put on enough to have the exhaust, lead 

equal to II T. This gives us the width W E of 

the valve fa 

From the curve o*P, we can readily find the 

lion of the valve, corresponding to any posi~ 
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rion of the piston. Thus, when the piston has 
ll.-d the distance A f T the valve is at r, and 
distance the pott is open is equal to the per- 
pendicular distance between v and the top of the 
port a b. At x, where the curve cute a b % the port 
is dosed, and the steam expands during the re- 
mainder of the stroke from y to B. 

We can readily lay down the curve described 
by the lower extremity of the valve. The distance 
i • between ef, the top of the port, and mn> is 
the exhaust lead, im I wr have only to transfer 
the distances of (In 1 various points in the first 
curve from ik to their respective distances from 
ffl a. on the same perpendicular on which they 

i v first laid d o wn , By this curve we Bee r h : 1 1 
the exhaust opening is closed at j y when the 
piston has travelled the di \z. 

The Geojletbt op the Slide Valve, bt 

H 1\ BUHGH. 

The first consideration in relation to this sub- 
ject is the principles of the requirements which 
form the action of the valve during the opera- 
tions of lead, full steam, and cut off. 

The term "lead** is the position of the valve 
to allow a certain amount of steam to enter the 
eg Under before the piston completes Us stroke, so 
that the motion of the ^alve is said to be in ad< 
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vance of that of the piston on the return stroke 
of the hitter. 

The next term is u full steam," which is the 
position of the valve when it is at the full stroke 
but the piston continuing its motion in the same 
direction as before. 

The third term, " cut off/ is the position of the 
valve when it has returned and closed the supply 
port, or opening, and the piston is advancing as 
before, hut the valve moving in an opposite 
direction. 

We have next to remember the fact that the 
slide valve receives its motion from an eccentric 
or small crank, and that in cither case the two 
i i >i ions — of the valve and eccentric — are sliding 
■ in<[ rotary. 

Now, on pages 40 and 41 of this work, there is 
illustrated a diagram, Fig. 0, of the several angles 
of the cranks in relation to the respective posi- 
tions of the piston or connecting-rod pin ; and it 
is also shown that the advance of the crank pin 
does not agree with the relative position of the 
>n in any case due loth* length of the connecting- 
rod. Obviously, then, as the relation of the positions 
of the piston and crank phi is affected by the 
lengtfi of the connecting-rod, so mil the position of 
tite slide valve and the angle of the eccentric be 
A* length of the wcentne rod; for both 
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the piston and valve slide on their travel, while 
the crank pin and the centre of the eccentric 
pgvobc; therefore the action is the same in each 
case. 

To further explain these matters and tJ 
relation to the outside lap of the slide valve, 
will follow the motion of the crank pin and 

tre of the eccentric from the commencement 
of the stroke of the piston to the point < ut 

oft* of the steam. Assume, therefore, thai we 
have an engine before us, the motion of which 
we direct attention ro. When the crank is hori- 
zontal the eccentric is at the opposite side of the 
centre of the shaft, at en angle above the h< rJ 

i tal centre line — due to the lead required— -tin- 
crank's motion being upwards. 

AYe may here mention that the position of the 
eccentric in relation to the crank is always at an 
angle towards the direction of the cranks motion 
when the eccentric rod is connected directly bo 
the side valve rod pin. 

The valve having admitted steam into tht- 
cylinder, the piston is theu impelled back, when 
the crank moved, and, as the eccentric is keyed 
on the shaft at the angle alluded to, its position 
in relation to the crank is fixed, without alte- 
ration. The valve is now being pushed back 
until the eccentric is horizontal, which gives the 
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full urea for the admittance of the steam — hence 
the term " full steam." 

W« may add that the motions of the crank 
and eccentric are, of course, in opposite direc- 
tions, for when the crank rose above the hori- 
zontal line, the eccentric moved down towards it. 

The crank pin continuing: to move in its path 
and the eccentric also, the valve is palled back, 
and thus the port is closed; at this point the 
"cut off" ensued. Then the angle of the crank 
and the length of its connecting-rod determined 
the position of the piston at die commencement 
of expansion, 

It is apparent, therefore, that the outside lap 
of the. valve is due to the grade of expansion, or 
rli angle of the crank when that operation 
and, as an ill n of the fact, the 

following diagrams are introduced which relate 
especially to the diagram. Fig. 9, in pa^es 40 
and 41 : 

The valve, 1% 17, is intended to cut off at 




Ontatiie Lap u> cut <i(T ml £clu 
I : L7. 



so 
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one-sixth of the stroke of the piston, or when the 
angle of the crank is at the point 1 — ace the 
mm Fig. i. 




Ou'mlc Lap to enl t fl it JthE. 

Fm, Ife- 

The vertical dotted lines in Fig* 17— as in the 
remainder — refer to the width of the opening 
caused by the valve, hence, in all eases, the half 
travel can be understood. The degree of eatpafl 
sion first given is perhaps rather higher than the 
general practice, hence the area of the cylinder 
is increased, the steam opening being reduced in 
width, but not in area, the length making good 
the requisition. 




OttUldt Lap to mi ©ff al £th». 
Fw. 11. 



Fig. 18 represents a valve and ports to cm off 
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at one-third ; in referring to the diagram, Fig. 0, 
the point 2 defines the angle of the crank. The 
Up in this case, also the opening, arc both varied 
in relation to that for Fig. 1 7. 

The next, Fig, 19, illustrates a valve and ports 
arranged to cut off at half-stroke, which is a srood 
proportion, giving practical results — refer to the 
diagram, Fig. % again, where the point 3 denotes 
the angle of the crank. 




OutdjJfl L*p to cut off nt $tht- 
Fin-40. 



Fig. 20 Ls a valve and ports to cut off nt two- 
thirds of the stroke. The angle of the crank can 
bo seen, on noting the position of the point 4 in 
the diagram in connection. 




L.-. 



Q»lriii tap to cat «fl t jtfafc 
fui- II. 
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Fig. 21 is introduced merely to illustrate the 
greatest extent the piston should advance before 
the steam is cut off. The steam supply openings 
in all these examples are alike, hence the propor- 
tion of lap can be readily understood. In this 
last figure the valve cuts off at fire-sixths of the 
Stroke of the piston ; the angle of the crank can 
be seen on referring to the diagram. 

It may b i i ined again that the lead of the 

slide also regulates the travel of the valve, also 
that the angle for the eccentrics is determin I 
from or by the advance of the valve on the piston. 
The advance of the valve from its full stroke will 
therefore be equal to the width of the opotii 
min ii- lead ; for example, let it be assumed thai 
the opening caused by a valve equals one ineb, 
and the lead one*eighth of an inch, then sei 
eighths of an inch must be the advance of the t 
from its full stroke ygkm Ote piston is at the txtmrtibf 
of its path. 

The difference required in the outside laps of 
valves is mor»; praeiically determined by dia- 
g mi us ihan by calculation ; doe, of course, to the 
angles and versed Bines. Tins axiom should 
always be remembered, vis., that the the 

centre of tit* is virtually iJiat of tftc a 

of the eccentric. Thus, the arc passed through by 
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the crank pin. at a grven radius, most be that of 
rhe cento of the eccentric at the same radius, 
irrespective of the angles or relative positions of 
either, 

To put this matter in the most practical form, 
we w0l again refer to the morions of the ec- 
centric and ecu relative positions 
during kt lead, cat off, and full supply." The 
crank on leaving the horizontal position started 
the eccentric from its u gle, when the Lead termi- 
nated and both moved on their paths, the valve 
allowing tli'' supply of steam mot)] the :| tion of 
cut-off occurred. If, is evident, then, that the 
crank during this operation moved through a 
certain I of are, and if the limi- hat 
travel were joined hy a line — thus forming a 
chord of Che travel— the versed sine will belong 
to the crank circle, htii< relates also to the several 
positions of the eccentric and valve at the points 
of M lead, full supply, and cut off/' 

Obviously also as the eccentric is keyed on the 
shaft, if its position for lead and its position for 
cut off are joined by a chord, the versed 6ine of 
the. are of that travel will be the versed sine of 
the eccentric eiffi 

To illnsiratc the full meaning of this latter 
conclusion, vw have condensed the term and 
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named it the 4l versed sine of the eccentric," to 
which it actuall)- hfilonffl, and have introduced 
the diagram Fiji. 22 as an explanation. 



us . - 




Dugnn t£ fiuigii** Mmk of producing Che u Vcncd Siot" 
of Um rVoeaiTic 

bo, It. 

This represents n steam port and end of the 
lap portion of the valve at full travel ; the dotted 
line L is the position of the valve for the " lead/ 1 
and at G when it a cuts off." The lines LL and 
C C are the length of the distance between the 
centres of the crunk shaft and block pin in the 
link, the centre of the pin being virtually the end 
of the slide valve. Then on the point L at rhe 
dotted line, inside the port, as a centre describe 
the arc cutting the plane line and the ecc entri c 
circle at L, and with C, also inside the port, as a 
centre describe an arc cutting the circle at 
the distance between the points of intersection 
on the plane line is the amount of the lead, or as 
the space between the dotted lines L(." inside the 
port Next join L C on the circle by a chord or 
a straight line, and the width at V is the verstxf 
sin- vj !!": '.'X-. ftti .■"•'. 
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tbc arc nf tix*_- circle reentries travel 

has been drawn in the preceding diagram, to 
prove the veracity of the Bed sine of the 

''■''■]i~n r . M is necessary U> axp&ii] how bo 
obtain the radius of the arc fast, and after that 
the remaining proportions, To do this prac- 
tically we must 4U1L back on the utility of I 
axiom ^tbal Liu- path of tli h nk 

pin is virtually that of the centre of the eccen- 
tric" We therefore next direct attention to the 
diagram Fig. 23. which relates to a width of 




Sole 1 iad. = l tot 

r:irsh"a Med* *f iirter»iaiii» the L*p of tfa« Slide Valr*. Point! of 
Cut -off, «nd PoOtKXH of iV KcccQtric*. 

Fic.f3. 



steam opening caused by the slide valve equal to 
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4 in. and the lead \ in n so that when the piston 
was at the end of its stroke the slide valve had 
uncovered the port \ in., and therefore there was 
4 in. more travel required to complete thG stroke 
of the vulve. The circle of the path of the crank 
pit) is 2 ft. in diameter, and the length of the 
eonnecting-rod .5 ft. The grade of expansion is 
|th, to which is duo rln relative position of t 
angles of the crank, in connection also wirh the 
length of the connecting-rod. 

Having, then, proceeded thus far with the ex- 
planation of the construction, we will imagine 
now that the remainder of the diagram lias to be 
filled tn, and thus explain how to do it. 

The chords V t and V.. are drawn to depict 
" versed sines of the crank," It will be notu ■-. ~\ 
that the length of V] i* shorter than V, although 
rlir lineal advance of the crank pin ia equal on 
each side, and that the versed sines l»ear the 
same relation. Now, as the present positions of 
the cranks hear a strict relation to the err 
stroke of the piston, therefore the versed sines 
hear a relation to the lineal ad vai ice of the piston 
or crank pirn Then as the crank pin has moved 
lineally 6 in,, the versed sine of the arc joined by 
the chord Y, is 1 j- in. ; therefore as the grade of 
expansion is ;th of the whole stroke, or the dia- 
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(r of the crank circle, the versed sine is -\th 
of the advance of the piston, or T '-th of the dia- 
r of the circle. 
Next as to the versed sine of the arc joined by 
the chord V, In this case in, or -trd of 

the lineal advance of mk pin, and there- 

fore only -iV*h of the dm meter of the circle ; 
then assuming that Y l and V 8 refer to the versed 
sines also, Y, = 6-=-l*5 = 4, and V t -$^-2 = 3; 
next, V, = 21 - 1-5 = 16, and V, - 24 *. 2 = 12, 
ili: i t\w mean sum of 1 1 i . . i u-i] sines in rela- 
tion to the radius of the crank circle are known 
by 12 -|-1G = 28-4 = 7, which we shall again 
r to further on. 
Having settled the meaning and proportions 
of ilte "versed sines of the crank,*' we have n 
to remember what the valve must have been 
iilg during tlic movement of the Clank pin, 
and that the paths of the eccentric's centre and 
crank pin are virtually the fame. When the 
crank was horizontal i id"* was oiven, and 

die angle of tlie eccentric, *» sliown b 22 at 

I- in page S4 ; and when the crank pin rose to the 
point on the circle due to its lineal advance 6 in., 
the valve closed the port or "cut off^ the steam, 
and the eccentric was at c ; therefore us the eccen- 
tric is keyed on the shaft, at whatever distance t 

F 2 
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crank pin moved on the circle, the eccentric 
moved mrtuaBg through the same length of arc : 
then, as the versed sine of the crank bears a strict 
relation to the grade of expansion, so will the 
versed sine of the eccentric strictly refer to the 

side lap of the vah luc also to I 

grade of expansion ; for example, as the val 

uncovered the part equal to the lead when 
the crank i I mtiil, it compl 

n-hen the r ' ' - : ll:i ' 

port or cuts off the steam when the centra of the 
centric him moved Lineally from its horizontal 
position, equal bo the width of the opening 
-L'dby the valve for full steam 
It is oovioua, then, that in Fig. 22, page 64, 
the w les omitted in the "versed sin- 

the eccentri the valve has formed the 

lead when the crank was horizontal, and it k from 
that position tl chord of the are of supply 

.im starts, ami then intersects with the circle 
at the point of cut-off. from which ar reed 

sine of the crank b known. Therefore, as the 
versed sine of the crank omits (he lead in its 
dimension, and the j*aths of the cntuk pin and 
centre of the eccentric are virtually the same, the 
versed sine of the eccentric must omit the lead 
also; hence this formula, the versed dm of tin 
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eccentric = width of steam supply opening caused hy 
the slide tales, nanm the lead* but with very short 
eccentric rods half the lead. 

We will now return to 1 tn page 65, and 

del ermine hoit I o produce the a res ( obc! 
which refer to the travel of the valve, Now, the 
versed Yi b l! in., or equal to .'.th of the rau 
of the crank circle; then, 1 li rersed sis 
the eccentric is £ in., became the width of©] 
iag is J in., and the lead Jin. ; from f — { = .» in. 

v, the angle of the crank in relation to 
travel 13 also the angle of the eccentric from 

starting point, which proves also that 

Bed sines of the crank and eccentric refer to 
each other proportionately, 1 ismuefc that if the 
versed sine \ { is Lth of the radius of its arc, the 
versed sine Vi will also be Hi of the radius of 
il* arc, whic)] is Jin., '5x8* 

l, the radius of the ai*c »,. Referring next to 
the arc && the versed sine V. is Ath of the radius 
of that arc, then '5 x 6 = 3 in. the radius of the 
arc r*, the versed sine | in. also, as 

The following will be the formula: To find I 
radios of the eccentric circle for a slid, 
with direct action from the eccentric 

[radius of tAe crank circle -=- versed sine of , 
wank are] X versed sine of Oh- ■■••, wtfrk arc. 
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It will be noticed that the versed sines of the 
two eccentric arcs are alike in the diagram, 
fig. 23, page 65, but the radii are unequal, and 
re is a dotted semicircle, whose radius is 
a mean sum of the two other radii. Xow, should 
this mean radius be required to suit any purpose, 
it is obtained from the mean proportions of the 
versed sines of the crank, which is -^th in this 

. then 14^2 x 5 - $"5 in., die of the 

1 1 ; r sd aei ri' I lavn ig the travel of the valve, 

we have also the. throw of the eccentric; there 
lore the outside lap muat. be derived as shown hy 
Fig. 10, in page ?>> 1, which = radius of eccentric 
eii-ele — width of steam supply opening caused 03 
the slide valve = outside lap of the valve. Bui if 
it is required iln the outside lap direct 

from the versed sine of the crank — which it really 
originates from, the formula will be thus: Out- 
side lap of the slide valve =■ divide die radius of the 

mi circle by the versed sine of the crank, mid- 

'<; the quotient by the versed sine of the eccen- 
tric; the product, minus the width of supply open* 
a caused by the slide valve, equals the outside 
Jap of the slide valve. 

For example, in connection with the diagram. 
Fig. 23, page €5 : 
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Width of opening caused by the slide 

valve 

Lw»d 

"N ersed sine of eccentric . 
Versed sine of crank (fir 
Versed sine of crank (s* 
Diameter of crank circle . . 



b -T-. 



J 
i 

H 

2 
24 



Then, 21-1.| = 16, and 24+2-12, also 1 
1-' ? = H-2=7,wid7x*$»3{;then 

— |= 2| in., the outside- lap for the mean travel 
of the vulvr. Tf V, and Pj is used, it h arranged 
thus? 12+ 1-5 = 8 x -5 -4, then 4— J = 3J, the 
OUitside kpj but if V, and tu an- preferred, then 
I:' ' i.x-5 = 3 and 8Ht-*ii the outside 
Ifljp, Olid the mean of 2£ + ££*»2§ being the 
same as produced before. 
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CHAPT1B V. 



ON* THE APPLICATION OF THE SLTOF. T1LT1 IS AS 
EUASSfoN VALTI, 

To correctly define this question it Is neces- 
sary that the action of the steam in the cylinder 
-1 1 ; ; 1 1 1 . i • first con si <!.■ vd p ml also the time for lead, 

i oif, utid expansion. Suppose the piston oi'.i 
steam engine is at the complete stroke, and the 
crank on the dead a D tile steam is rhun act- 
ing on the piston, due to the lead of the valve, 
and the moment the crunk moves the piston will 
be impelled, for the steam will then act with force 
due to its admittance ; so that it is not erroneous 
to i rhat the g r eatest - of the steam 

on the piston Is, when the valve is at full stroke, 
or the port widest open for the supply. The 
piston, be it remembered, is now supposed to be 
exerting its utmost efforts ; due, of course, to the 
action of the steam. Presume the valve to return 
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and close the port at a given point of the stroke 
of the piston. At this point expansion commences, 
the piston being propelled after that bv the elas- 
ticity of the steam. The time the steam is ad- 
mitted into the cylinder is while the valve U 
moving to and fro, or opening and closing the 
steam opening; The time the steam commences 
actual propulsive power on the pbton to 
r of its cut-off = width of opening x 2— lead. 
The valve, when last alluded to. presumed 

to beat the edge of the port, expa teton therefore 
being in full operation. Before the steam can 
exhaust, the valve must open the same port, but 
contrary in its motion. 

The time occurring between the point of cutting 
off the supply and the opei tag tl e port for the 
taurt U, of course, due to tlie outside and 
insi TFiereforc the nine allowed for ex- 

pansion = outside lap - inside lap. This will be 
better understood by presuming the valve to have 
no laps, it will then be obvious that if additional 
length be added to the valvr% that increase most 
•served- 
time allowed for exhaustion is due to the 
speed or travel of the valve from a point to a 
point, or in principle as before stated for supply 
Now, presuming the valve has 
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covered, the port, and travelled so that the inner 
part is at the inside edge of the port, it can 
lily be understood that esl i must 

ensue instanter with the action of the opening. 
The valve now moves forward and backward for 
a given length, occupying thereby a certain tt 
If there was no lap inside, it is obvious that 
when the valve was tit half stroke the time for 
exhaustion would be while the valve was opening 
mid closing the port or opening, on the oppi'- 
end of the cylinder, outside lap being also con- 
sidered. When there is an inside kp, the valve 
Erom the hall stroke must move that SUED 01 
distance before the exhaustion convmeneeM; flu; 
valve then back due to the distance as 

before stated, and forward the same, less the 
inside lap. The formula for time of exhaustion, 
therefore, will be thus, outside lap + width 
opening caused by valve x 2. — [inside lap x 2.] 

By these formula* — time being considered 1 — 
an almost perfect knowledge of the action ot 
steam can be attained, its elastic force and the 
volume consumed at each stroke of the piston 
known ; but as there maybe, perhaps, those who 
cannot understand the application of the rules 
now noticed, also their practical use: a I; 
further explanation will not be out of place. For 
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example, presume an engine of 50-horse power 
nominal ; length of stroke, 2 ft. ; diameter of 
cylinder. 47^ to. : utmost grade of expansion, 
J 4 rh of the stroke. Let it be assumed the travel 
of the valve to be 9 £ in. unalterable. The cubic 
Contents of the cylinder will be deduced in the 
usual form 1800 * 24 -43200 cubic contents in 
inches. The space occupied by the steam at 
43200_ 7200 or T 8(K) x 4 ^ 72(M) Thfa ^ 

ili-ri, shows that the expansive powers of the 
steam must emanate from a volume of steam 
whose capacity equals |th of the total contents 
of the cylinder, Now the amount of expand 
is, o£ course, due to the capacity occupied after 
the termination of the entree I the steam; 
define, therefore, the amount of expansion, time 
and just be duly considered. The piston 

in the present example is presumed to have 
moved 1 in., or \xh of the stroke. The valve 
has closed the port, and has to travel the outside 
- inside lap. until the steam is released from 
the r. To further demonstrate the pre- 

t Injury, time must be noticed. Let it be 
assumed that the engine, or rather the piston, 
moves at the rate of 160 strokes per minute^ 
two strokes, of course, making a revolution. The 



76 TJ1E SLIDE VALVE 

valve, be it remembered, moves at the same 
speed, action only being now allnded to. Now. 
when the piston is at the extremity of its stroke, 
the valve bias performed the greater portion of 
movement to the utmost point T and, conse- 
quently, in a given time move? in a contrary 
direction. The relative positions of the vulv 
the piston are clue to the arcs passed through 
rotatively, each being ihr -same in proportion. 
Circumferences of circles hear an equal I 
to each other as their diameters ; due, of coin' 
to the constant number used. Thus, a circle 
47£ in. diameter equals 150-4 in. m circumfer- 
ence ; a circle 9-j in. in diameter equals 31-02 in. 
in circumference. Th>' pnip-u'ciflD ofthfi diameter 

will be as 1 is to 4*84 j then . — 1*84, 

proving thereby that the arcs passed through 
are the same in proportion lineallv. To pro- 
duce the amount of expansion by calculation, in 
absence of diagrams, is a difficult matter per- 
haps, without accomplishing a correct result, due 
to the length of the connecting and eccentric 
rods, tbe versed 80108 (rf which bear strict, refer- 
ence to the action of the valve. It is, therefore, 
advisable to practically set out all the points of 
contact and requisition, in order to produce a 
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perfect result For example, when tl <n is 

;.i liilJ stroke, the ^ceemrb* is at a «n\vn angle, 
due to the width of opening or port, and the lead 
determined or decided on. Nov^ as before stated, 
ink moves through a certain arc, and the 
eccentric virtually Otrough tltt same, or propor- 
tionately ihe same; but the distance on the 
plane line is entirely different; dne, of course, 
to the angle of the chords. In the case of the 
crank the chord is at an angle, but that for the 
valve may be termed almost perpendicular. It 
is certain that nab uLrions alone cannot produce 
a correct result in this matter, therefore diagrams 
are required. And we may add, that as the use 
of steam expansively produces economy, the lap 
and lead of the valve, in proportion to the stroke 
die engine, govern expansion. 
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CHAPTER VI. 

ntHSRATKBS AND PROPORTIONS OF MODERN SLIDE 
VALVES IN ACILAL P£ACTICL\ 

The examples of % sat are illustrated in 

this chapter are, for the greater part, by the 
most t ii England and Scotland. 

The: Leading dimensions of eadi are given, so 
that they form a practical guide for other ex- 
amples, oi similar types, that may be required. 

Fi£. 24 represents the sectional elevation of a 
single ported valve andcaang by Messrs. RavenMIl 
and Hodgson, with the |>ortsand a portion of the 
passages in the cylinder for a marine oscillat g 
engine of 125-horse power nominal, being one 
of a pair for the same cv Under, situated on each 
side fore and ail 

Tlie main features are that the anged 

at the back, with a circular rim, sufficiently deep 
to coi i tain three rings and a spring within it 
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MftMra. KavcnlilU Atid HoSgHoit'a modern niii£k> ported Sltila V*lv». 
Fiu. *4. 



The spring has six branches — shown in the plan 
— and is sustained, centrally, by ft stud. The 
ring against which the spring Ls acting, or in 
contact witli, i^ right-angular in section, with a 
circular projection at the back to receive the 
tremities of the branches of the spring ; this 
ring is termed the spring ring. The next ring 
i$ the fitting ring, which ifl merely a plain 
circular piece of metal turned to fit- the bored 
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rim portion at the back of the valve. The third 
is the face ring, which is in contact with the 
cover of the valve rasing. This ring is the main 
one, 119 on ii d n whether the a a eaten 
tl j u L H eCC3S within the rim. 

It will be noticed from the plan, that although 
the diameter of the face ring U almost equal to 
thr of the valve, it is not equal 

width ; therefore a certain amount of valve I 
flange surface is exposed to the action of the 
steam, and shows the valve is not entirely equili 
brium. Xow if it is required to make a valve of 
this class equilibrium, the back flange of the recess 
portiou must be nearly the same size and shape 
us tin* face flange of" the valve, bo that, the steam 
lms equal surfaces to act against, in either direc- 
tion. 

The following are the mean proportions of this 
valve, Fig. I 

TO Lib of each supply port in cylinder 3| 

Width of exhaust port S| 

Width of bars U 

ithofo] aused by the valve l| 

I. -n^th of ports 20j 

Outside lap of the valve 2 J 
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Stroke of lap of the valve .... 8^ 

Inside bp of do. ....... none. 

Thickness of face flange of do. . , , 

Length of do. do .22 

Width of do. do. 21 

Depth from valve facing to ring facing 

On cover 0i 

Diameter of valve rod J| 

Centre of rod from valve facing . . 



- 



The valve that wt next direct attention to is 
t\mi illustrated by Fig. 25, for a marine engine, 
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double trunk, of 250 horse power nominal, con* 
strutted by Messrs. John Penn and Sons. Thi* 
valve is the equilibrium double ported kind, and 
is fined with a packing ring at the back with 
adjusting studs, click ratchets, and springs, which 
are illustrated and described in detail in po 
The form of the ring is circular, as shown by 
the plan, from which also the number of the 
studs can be known. In the sectional elevation, 
the sections of both the valve and casing una 
shown, also the ports and a portion of the pas- 
oges in the cylinder. 

The slide rod passes t.h rough the valve, it will 
be seen, instead of being scoured by u pin at the 
front end, as in Fig. 24; by this method a 
Steadier motion for the valve is said to b 
sured than with the other, because as the 
passes through the valve, and is secured to it by 
a nut and eollar T the rigidity of the rod is eon- 
"ed to the valve In the connection. Of course 
the size and weight of the valve greatly d- 
mine this difference of the mode of connection ; 
inasmuch that, what is sufficient for a valve of 
certain dimensions tad weight, may be of no use 
in practice for a valve of larger proportions under 
similar circumstances of position. 

The leading dimensions of (be valve, Big 25, 

are i 
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Width, of each supply port in the iy- 

Under . . . 4 

Width of exhaust port do. . . . , 10| 

Width of narrow bars 2 

Width of large bars , ISJy 

Width of opening caused by the valve 2J 

Length of ports, 45| 

Outride lap of the valve . .... 2 J 

Stroke of the valve ...... 10 

Inside lap of the valve ..... -J T 

Wi d th of supply po r I i n th e val v c . . 3 ^ 
Thickness of the flange ..... If 

Length, of do 64§ 

Width of do. 50 

Depth from vnlve facing to the face 

of packing ring 17 

Outer diameter of pack in j* ring . .47^ 
Width of do. ....... 2' 

Diameter of vnlve rod in valve. . . 2| 
litre of rod from valve facing . . 4 J 

WUhin rise last two or three years it has been 
the practice of many engineers to use two rods 
in the place of one for the slide valve, so that a 
better guidance is obtained, and therefore u more 
certain action results. The benefit of this is, of 
course, obvious ; for if a valve slides unsteadily 

i. 2 
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on its seat, or wears harder on one side than the 
other, the first evil produces unequal action, 
while the latter allows leakages to occur, and 
thus the duty of the valve is greatly impaired 
Another reason for the use of two rods is that, 
when a valve is wide in proportion to its length 
the power to move it should not be concentrated 
at the centre, but rather be distributed as much 
iLS practicable. As an illustration of this, the 
Fig, 26 is introduced, this being an example by 
Messrs. Napier. 
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Messrs. Napier's modem Equilibrium double-ported Slide Valve with 
tvro Rods. 



Via, 2>i. 
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This illustration depicts the valve and casing 
in longitudinal and transverse sections ; the 
steam ports and passages of the cylinder are 
also shown, so that the relation is easily under- 
stood. The mode of packing the valve iadng at 
(be hack is entirely reverse to that in Fiir. 25 ; 
in that case the ring is recessed in the valve^ but 
in this case it is inserted in the cover* The ad- 
justment is accomplished by set Studs and spiral 
above the two packing rings, which 
the elasticity of the gasket or 
A detail of this is shown in 
page 10S. 

The valve rods pass through the vnlve, tire 
secured by nuts, and prolonged to guides secured 
to the back end of the casing j it will be noticed 
also that the position of the rods are higher from 
the cylinder facing in this case than for the pre- 
vious example, Fig. 25. The transverse view 
shows the steam passages and the section of the 
rods und bosses, also the packing rings mid ad- 
justing studs. The main dimensions of this valve 
are : 



springs 
greatly assist 
indi*~ral I Efc 



beta. 



Width of each supply port its the 

cylinder ',\ 

of exhaust port do. . „ , * . 9 
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Width of narrow bars In the cylinder . 2.1 

Widrh of large bars do 1 

Width of opening caused by the valve . 
!/eugth of ports ........ 63 

Outside lap of tl ic valve S| 

i '.■■■■ 1 ;e of the valve 11 

Inside lap of the valve ^ 

Width of supply port in the valve . . 2 J 
Thickness cf the flange. . , . . . 1^ 
Length of do. ........ 61f 

Width of do. . 72 

I 'epth from, valve facing to the packing 

ring 12] 

Outer diameter of packing ring . , . 49 
Width of diameter of do. . . . . . _ [ 

Diameter of valve rod in valve ... 4 
Distance between centres of valve rod . 30 
Centre of rod from valve facing . . . 8 j 

Another example of equilibrium valve is show n 
by Fig. 27, con struct ed by Messrs- Reimie for 
one of a pair for engines of 350 horse power col- 
lectively nominal. The greatest peculiarity in 
this example is the mode for securing the rod, 
which is a loose T nut and a narrow lock nut 
outside; the former is did in laterally, and the 
rod retains it in position. 
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The packing ring is almost similarly arranged 
m in I he* previous Uents. Napier, 

the only difference being that in the present ease 

the spiral springs are not used. The following 

arc the lending proportions of this valve. Fig, 27, 
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Mcmji- ]'.i':n-li/'r. L !■ 1 1 1 i". .' - 1 i i ,: 11 ttoublo port ! -li i • Valve, 
ft , 117, 

Width of each supply port in the cj 
finder 

Width of exhaust port in do. . . . 1 I > 

Width of narrow bars in do. ... 2 

Width of large bar* in do. . . . . ?4 

Width of opening caused by the valve 1^ 

Length of ports ....... 50 

Outside lap of the valve 1-ij 

Stroke of the valve 6£ 

le lap of th« 

Width of supply port in the valve . 1 .\ 

Thickness of the flange . . , . . i\ 

length of do, 42 
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Incite*. 

Width of the flange ,56 

Depth from valve facing to packing 

Outer diameter of packing ring , t 36 

Width of do. . . . . . . . , 1J 

Diameter of the valve rod (screwed) , 2^ 

Centre of rod from valve facing . . 5 J 

Having sufficiently illustrated the double- 
ported valve, we will now proceed to the treble- 
ported kind, which is illustrated by Fig, 28, and 
has also been inserted on page 24 in connection 
with the formulae for its proportions. 

The design of this valve has no particular 
feature to render It superior to the examples pre- 
ceding; for. as in Fig. 26, the exhaust steam 
passage over the supply openings are angular, to 
reduce the height of the valve, while the method 
for securing the rod is by a key, instead of a imt 
as in Fig. 27. The packing ring, however, for 
this valve is of a peculiar kind, and a section of 
it, at a large scale, is given in page 104. 

The main purpose of the valve is, that it is at 
once a slide valve and an expansion valve, and 
lias been constructed by Messrs. Maudslay, Sons, 
and Field, being one of the many that they have 
fitted to three-cylinder engines. 
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Messrs. MainMuy'a titbit- jort«l Equilibrium Sfltln Valve. 
FjC.25. 



Tin? example under notice is precisely similar 
to a valve the firm constructed for one cylinder 
— of three engines of 300 horse power collec- 
tively nominal. It receives its motion from a 
crank, and the position of the valve is opposite 
the connecting-rod of the main crank and eni 
shaft, the advantage of which is noticed in 
page $8, and illustrated and further described in 
page 12. As this valve is used as an expand 
valve, it is pr"]iorti>iiied to cut off from jfh to 
Jth of the stroke of the piston ; therefore the 

laps are unequaL also the wl 
the cylinder, to which we have referred in the 
table of dimensions following : 

t Infill* 

VV idth of each wide supply port in the 
cylinder ......... 1& 

Width of each narrow port in do. . . j 
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Width of exhaust port in the cylinder 
W[i 1th of narrow bars . . . . . 1| 
Width of large da ...... 5 J 



Width of Larjrest do. 



H 



Width of opening caused by the valve J 
Length of ports 46 



I r, 



Outside lap of the valve (mean) . . 
Stroke of the valve ...... 

Inside lap of ilo, ,,,..., 
Width of the supply ports in the valve 

Thickness of the flange J 

Length of do. ........ 44 

Width of do* 48 

Depth of valve facing to packing rfn| 
Outer diameter of packing ring . . 2i 
Width of do. ..... 1 

Diameter of the valve rod . . . , 2\ 
Centre of rod from valve facing . . S 

All the valves that have for the present been 
iced are for single cylinders. We, therefore, 
direct attention next to an arrangement of valve 
for feco cylinders, commonly known as the " Com- 
pound" system. This is illustrated by Fig, 29, 
and has been constructed by Messrs, Dudgeon 
for engines with four cylinders of 350 horse 
power eollec 
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There is no novelty in this design, it being the 
ordinary form for the purpose. The arrange, 
tnent of the packing rin<: at the back is the 

ipfart of all the methods that have been 
alluded to t and has been largely adopted 
nil of the leading firm*. Messrs, Penn, for 

■inple, have successfully used it for the slide 
valves of their engines of the largest power which 
instructed. 

The simplicity lies in the at there are 

no adjusting studs, springs, or any mechanical 
appendages ; it Bierely being a Peeees on the hack 
of the valve, partially filled tvifch india-rabber, 
and the face ring laid thereon as shown, The 



;'- 




fcsft r7^- 




'1 






t-'-z T --:s- 



nxl passes through l>oth the valve and casing, so 
as to effectually guide the former. 

J he leading proportions of this example are as 
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Width of the high pressure supply 

port in the cylinder -> 

Width oflow pressure port in do, , ± 
Width ofoxhsi i-i port in do. . . . 6§ 
Width of large bar in do. , , , . 4i 

Wi<lt1i i i do 1 

"W Mill of opening caused by the valve l-*-i 
Length of pons ....... 30 

Outside lap of valve 1^ 

•oke of valve ........ 6^ 

Inside lap of valve . 

Thickness of the tlange of valve , . 1 

Length of do. . # S2| 

Wldflj of da $3± 

Outer diameter of packing ring; . .23 
Width of do. . .../.. lj 

Depth from valve facing to packing 
Hug .......... 13 

Diameter of valve rod ..... 3[ 

Centre of rod foom valve facing . . 3f 

Following on from valves for compound 
engines, we next allude to slide valves for ex- 
pansive purposes with one cylinder, generally 
known as "Expansion Slide Valves, 11 An example 

of this type is illustrated by Fig. 30, as arranged 
by Mr. T. B. Winter, MXC.E. The cylinder 
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ports and passages are also shown, so that I 
relation of the whole detail is repn - ated. 




Mr. T. ft. Winter'* fcprafco SEde Vihrw. 
Fu.9*. 

The main valve ia of a peculiar section longi- 
tudinally, having passages through the body: 
the cat-off valve is merely as a flat plate with an 
opening or port centrally of its length, 

The object Sought alter and attained with this 
arrangement is a sudden cat-off, and au exten- 
sion of time fi>r exhaustion in relation to single 
valves, Of coarse to produce this effect there 
arc two eccentrics, separate for each valve, and a 
slotted connecting bar, screw and sliding block, 
- grade of expansion as required. The 
grades accomplished with this (irr&ngement are 
^rds, lib, and ^th ; and the main dimensions 
of the valves and ports for a pair of engines of 
60 horse power colli >-i ■ ly nominal are thus: 



u 



THE SLIDE VALVE 



Width of supply port in the cylinder. 

Width of bar in do 

Width of exhaust port . . . - 

Main Valve. 
Width of supply port in the valve . 
Width of the outer bar in the valve 



TndMi 

2 

8 

H 



front facing 


. 


U 


Width of the inner bar in the valve 


do. 


4 


Width of the outer bar in the valve 




buck feeing 




C 


Width of the central bar Ln the do- 


do. 


n 


Gut-off Valm 










6) 






Stroke of eccentrics 


„ 


Main slide cuts oft" at Jrds. 






Cnt-off valve from -' c th to §rds. 






Depth of main valve . • • • . 




1 


Thickness of ctrt-otF valve . . . 






Diameter of main valve rod , . 




- 


Centre from valve facing . . . 




1] 


1 liometer of a ri : ve rod * 




2 


Centre from valve facing - . 




n 


Distance between centres of rods 




4 



A more popular arrangement for e> 
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slide valves b illustrated by Fig-. 31, which h 
more simple than that previously described. The 
main valve has rwo ports for supply straight 
through the body, while the cut-off valve is 
solid: the rods pass through the valves and 
casing, and thus a steady action is insured for 
the EbxnttSfti Thi* arrangement is adapted plen- 
•iiully in the North for all classes of engines. 




Fi*. SI. 

Ifr. J. F. Spencer has lined valves of this 
kind to murine engines often. In one instance, 
for a pair of inverted supplementary engines — 
cylinders 20 inches diameter— the following ; 
portions were adopted : 

^ idth of supply port in the cylinder . 5 \ 
Width of bar in the cylinder ... 1[ 
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I:. - 

Width of exhaust port in the cylinder 3 
Length of port . . . ... 13 

Mam Valve. 
V. tdth of supply port in the valve. , ]£ 
''«' i -lt.il of outer Inn's in do. . . . . 1 * s 

Width of inner do 2 

Width of exfaausr rpuec in do. ... 5§ 

Depth of valve 3f 

Width of do. ........ 1 

Length of do. 14 

Diameter of rod 1| 

Centre from facing 1| 

Cut-off Valve. 
Thickness of valve ....... f- 

Length of do. , , 7 

Width of do, ........ 1 

Diameter of rod 1.J 

Centre from facing ...... 1 1 

Stroke of the valves 4 

For engines with a long stroke for the piston 
it is often the practice to arrange the ports at 
shown by the diagram Fig, 32, so that the supply 
steam passages shall be reduced in length as 
much as possible, and thus prevent an accumula- 
tion of steam in them during each stroke of the 
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piston. This arrangement for the porta will be 

and i. j l • - : ' I by tl i e. letters 1 ' i ' I eren ©8 : V is 

the cut-off valve, M V the main valve, S the 
supply ports and passage, and E the exhaust 
ports and passages; both the* valves are at naif 
stroke. Therefore their proportions are apparent. 
()f course the stroke of the valve can be propor- 
tioned for any requirements; for if a long or 
maximum stroke a desired, one port at each end 
will be sufficient, but if half that stroke, with the 
same area, two ports are required j and if one- 
third of the stroke, three ports are necessary ; so 
that it is really with expansive slide valves as 
with the ordinary land, £ e. t the number of the 
ports regulates the stroke to a great extent. The 
matter, til toto, resolves itself into one simple fact, 
which i.s that the ktix/lh oftfas time for admission, 
cut-off, and exhaustion of the steam, is the real 
feature in the case, and h indeed the basis on 
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which the width of the supply opening and out 
side lap of the valve should be founded* This 
trill be fully apparent when it is understood that 
the morion of the valve and steam piston are 
alike, and derive their motion from similar 

The most novel arrangement at present for 
valves of the cl r notice is that by Messrs. 

Napier and Rankinc, which is, that the main vul I p 
i a movable seat, as shown by Fig. 33. 




IfiMi i Sipkr Htil Eaakin<» 1'au.o; SlitW Valve vitk tin wrafalt Stat- 

To alter the grade of expansion, the seat 
moves forward and backward in the direction 
required, or similar fc> t) ing and motion 

the ordinary cut-off valve. This arranges]'* 
is really that the cut-off valve is under the main 
valve instead of over it, and that the shifting and 
motion of the seating accomplishes the same 
effect as the top valve does when it is adjusted 
a Tul put in motion. 
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To this point of description all the valves 
we have illustrated and referred to relate to 
horizontal engines, It sometimes occurs, how- 
ever, that vertical inverted i urines are preferred 
by some makers; we therefore direct attention 
to an ingenious arrangement of valves for this 
_ine by Mr. J. F. Spencer, which lie 
has adopted to relieve the link motion and dis- 
engaging gear from the weight of the valve ; also 




Mt Smart M&fc ol ittftinfog V«ctic*l Slid* V^Im b EfulUbricua. 

FicM. 
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to keep it in position when the disconnection is 
required. The method is shown by the illustra- 
tion Fig, 34. The main valve is held in 
po*i steam acting upon a piston which is 

he rod above the valve. It is ftk 
superfluous to state that the area of the piston is 
regulated by the pressure of the steam and 
weight of the valve. 
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CHAPTER VII. 

DESCRIPTION OF PACKING ftlN'GS F0& SLIDE YAl.YES 

The most simple method for packing the bade 
of the slide valve b by a recess cast around the 
body, and a ring of india-rubber inserted therein, 
with a ring of metal seated on it, as shown by 
the Kg, 29, in page 91. The form of the n- 
in plan can be round, square, or rectangular, to 
suit the valve or the extent of surface to be re- 
lieved from the pressure of fche steam. This is, 
of course, self-adjusting, while the india-rubber 
retains its elasticity, which it does for a long 
time, even with high pressure steam. 

When adjustment is preferred, the arrange- 
ment to effect it, as Illustrated by Kg. S5, is 
often used, which consists of a ring separated 
from the body, fitted with lugs, through which 
studs pass. Each stud has a ratchet pinion on it, 
•u which is tongue spring is connected, to pre- 
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Modern acljnstiWa Packing Ring tot Sftdfe Valves, by Mmsm. Peno. 

I'M. Its, 

vent the stud from unscrewing: a brass nut, is 
1-i into the body of the valve for the stud to 
fit into, and also to sustain non-corrosion. 

The next mod Ijustrnent is shown by 

Fig, 36, which is a recess case in the cover of 

. two rings are inserted into it, with the 
gasket or india-rubber between them, the me- 
chanical adjustment being attained by set-studs 
in the cover. To prevent the stnds from sticking 

their threads, bushes of gun-metal are | 
f erred, to the cast-iron cover for them to pass 
Through. The elasticity of the packing is assisted 

spiral springs enclosing the studs din 
below each bush. 
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The springs are sometimes omitted by some 
i linkers, and the set-studs only preferred, to 
adjust thti rings, as shown by the sectional view 
of a valve casing and cylinder porta by Messrs, 

I! i : s i : . • . '., : ■ _•■ -7. by F! ■■ -J 7. 

r> Muudslay adopt tlic arrangement shown 
by Fig. 37, in page 104, which is a recess in the 
body, with an inner projection, the latter being 
encompassed by a ring of the peculiar section de 
pictcd. The meral ring in the recess contains an 
india-rubber ring of circular section, and is seated 
on curved springs; from this combination self- 
adjustment is attained, and the studs are there- 
lore dispensed with. 

It is preferred by some makers to use two 
separate rings recessed in the cover, packed 
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behkld with india-rubber and curved springs, as 
shown by Fig. 54, in page 99. 
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CHAPTER VIIL 

GENERAL OBSERVATIONS. 

The preceding chapters have dealt with the 
tensions to ta attaint which are, of course, 
the primary considerations; but the arrangement 
of the porta on the cylinder facing has not been 
t . therefore a few hints will not be m 
of place. .Having determined the dimensions to 
be adhered to, the line of the valve feeing should 
be first drawn,— a line tit right angles will denote 
the centre of the exhaust port Should a rib be 
required, half the width of the exhaust port will 
commence on each side of the same, a good pro- 
portion for which is, thickness of rib equals thick- 
ness of metal of passage, a fitting strip being 
provided on each side. Presuming the width of 
exhaust port to be drawn, the inside or 
narrow bar musl next be depicted, and from 
this the width of the supply port should be 
marked off. This completes the setting out of 
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the ports for the ordinary single ported slide 
valve. Should the equilibrium type be required, 
the same process of construction as before must 
be resorted to, and having thus far ^proceeded, 
the large bar is added, after which the width 
of the port supply The raised face beyond 
the outer port, need not be much wider than 
the outside lap of the valve, for the reason that, 
the least amount of surface in contact with the 
valve, the more perfect the connection, and the 
less the friction. Having thus far settled the main 
proportions of the ports and bars, set off the lap 
of the valve beyond the outer port, from this last 
point, the half travel plus the clearance, which 
will represent the commen cement of the valve or 
steam easing. The width of the flange of the 
casing will depend on the diameter of the stud or 
bolt used, for which a good proportion is, half an 
inch to seven- eighths of an inch in diameter, and 
the pitch of the bolts eight times the diameter. 
The termination of the ports in the cylinder, is 
due to the length of the stroke and the depth of the 
piston, which will decide the distance between the 
ports, where entering the cylinder at each end. 
In some cases the piston is allowed to pass beyond 
or slightly cover the ports at each end of the 
stroke, so that, the wearing surface may be equal 
throughout. 
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One important fact should be attended to, i. <?., 
the ports at the facings should have fitting 
strips on all sides. This matter is too often dis- 
regarded ; , it is generally overlooked that the 
fitting or shaping of the ports can be accom- 
plished with greater facility, when strips arc in- 
troduced than when the same are absent. 

For oscillating engines, the setting out of the 
ports is much as that test described, but an addi- 
tional supply port is introduced at right angles 
with those ordinarily arranged. This last men- 
tioned port communicates with the steam passage 
leading from the supply trunnion, that lor the 
exhaust being situated opposite. 

In designing, or rather arranging, the flange 
for the valve casing, it should be remembered 
that the same level must be retained on all sides, 
both for the better means of planing and making 
a perfect- joint In setting out the steam pas- 
sageSj care must be taken to increase rather than, 
decrease the dimensions, those for the ports being 
now alluded to. Should the area of the passage 
— by accident or carelessness of design—be less 
than that of the port on the face, the port is 
virtually reduced to the same size as the pas- 
sage. 

The proper means for ascertaining the depth of 
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the valve will be to consider the width of the 
supply port allowed for exhaustion. In some 
instances an increase is deemed necessary to allow 
a more free exhaust, hut in practice the width of 
the port is the main consideration, as through 
It the exhaust steam must pass before it reaches 
the final or centre exhaust port. 

The areas of the side steam openings, in douhle 
ported valves, must each equal half the area of 
one steam opening caused by the valve. By this 
proportion it will be understood that sufficient 
steam can enter the openings in the valve, on 
each side of the same. In some examples the 
area of these openings arc reduced towards the 
centre, which may be said to he correct, as it 
allows a larger area for exhaustion above them. 
The area of the exhaust opening in the valve 
above the metal of the side openings should equal 
the area of one supply port in the cylinder. The 
longitudinal distance between the side supply 
openings in the valve, is due to the travel of the 
same, and width of one supply port in the cy- 
linder, which must be duly considered to attain a 
correct action. 

The steam passages of large cylinders are 
strengthened by ribs in a line with the cylinder, 
commencing at the valve facing and terminating 
with the passage itself* These ribs must be 
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equally disposed j should two be used, the length 
of the port should he divided into three equal 
portions ; if one rib be required, two divisions 

D only be requisite. It is not imperative that 
the edges of the ribs should be on a level with 
the valve facing, but rather on a level with the 

MP edge of the fitting atrip, which will be 

tar both for planing and fitting. When the 
valve facing is at an increased distance from the 
cylinder, the ports should be arranged as before 
mentioned, but the passages as direct as possible, 
or at. an angle rather than in a Line with the body 
Of the cylinder. 

The position of the valve on tli a cylinder for 
horizontal engines will, of course, greasy affect 
the friction : for example, should the position be 
lop of the cyliinl r the friction will be 
greatest; if at the bottom ««r the underside, the 
least ; and if at the side of the cylinder, a happv 
medium will be maintained This last mentioned 
position is most universal, due, of course, to the 
cause alluded to; and also as the best means of 
access for repair and renevaJ of (be suriac 5. 
Large valves have a guide at the bottom side, to 
prevent a lateral strain on the rod. 

The modes of securing the rod in or to the 
valve are not much varied ; in some cases the rod 
pastes through the valve, and is secured at each 
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end of the same by nuts, and thus attains adj 
ment; also another mode h. to reoess a not in 
the front part of the valve, and screw the rod in 
the same; this h the best connection yet intro- 
duced for small valves. Two roils to each valve 
are now becoming more universal, but the mode 
of connection is sometimes ik as, the last 

mentioned. 

The stuffing box and gland for the rod should 
be properly considered ; a good proj>ortion for 
the diameter of the stuffing box is, diameter of 
rodx 1*5. Depth of stuffing box = diameter of 
the some x '6 to *5, while in some examples the 
'li will be found to equal the diameter. The 
depth of the gland is not of much importance, 
but a good proportion is attained by depth of 
Stuffing box x -75 to "6. The diameter of the 
studs for adjusting the gland nye, 

half an inch to three-quarters of an inch being 
often adopted, two studs only being used. The 
thickness of the flange of the gland generally 
equals the diameter of the bolt 

With reference to the position of the securing 
flange of the casing, some makers prefer an out- 
side connection, while others adopt an inside 
flange. If external appearance be considered as 
worthy of notice, the latter ia the better. The 
co vrr of the casing should be ribbed cither in* 
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or outside, the latter being the most ample, 
while the former presents the better exterior, as 
shotm bj _ 38. 




tfbl* fttre. CmngMit r;.„i i, M^m ficnouh 
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Having thus far duly considered the best mode 
of designing' the slide valve, steam ports, and 
casing, allusion will now be made to the strains 
imposed by the steam. The casing, be it remem- 
bered, rimy be termed a box, within which a cer- 
tain force is exerted, therefore, on the steam 
being admitted, each portion is operated on. The 
flanges are secured by the studs, hence the latter 
arc subject to a tensile strain. The sides and 
ends of the casing are subject, to a tensile and 
lateral or bulging strains, the former predomi- 
nating. The cover and front portion of the 
easing are exposed to the greater effect of the 
press urCj due, of course, to the surface exposed, 
hence the cause for ribs, &c. The action of the 
steam on the valve is greatly counteracted by the 
curved form it generally assumes, hence the 
thickness of the metal may be considerably less 
than '.liar, for the casing. A good proportion is 
three* eighths to three-quarters of an inch for the 
thickness of the body part of the valve, and five- 
eighths to seven-eighths of an inch for the body 
part of the casing. The flanges in each case 
should be slightly thicker than the body part. 
The thickness of the ribs should be less than that 
of the body, as the former are not subject to the 
full pressure of the steam, 
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In designing the slide valve, whether the ordi- 
nary or equilibrium kind, strict attention should 
be given to the speed of the pressure 

tlie steam, grade of expansion, length of the con- 
nect ing rod, lead of the valve on the piston, 4 
matters which have been explained in detail. 
The only excuse for again reverting to these im- 
portant facts is, to impress on the mind of the 
young Engineer that, of all the details of the 
steam engine, the most im is the "Slide 

Valvb" ' 
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Course of De»criptfo» tJaoraetry adapted to the Requirements of tlic 

Engineering Draughtsman, including 1 lie determination o( cast- shadow* 
and Isometric Projection, each chapter being fallowed by nuirttuHKtf 
example* t to which arc added rule* for Shading Shade-link.-. 
together with practical bftlwctioos as to tfc<* lining, Cofouriiig, Printing, 
and general treatment of Engineering Drawing's, villi ■ chapter on 
drawing In»tnzsunls- By George S. Chic, Lieut R.E, Insirnctor 
in MeeJuaicnl Dsavisg, Royal Indian Enguaeriag College, Coottf*« 
H3L X>fttta T 4iQ, dclh, i^. 

77/<r Elements of Graphic Statics, By Professor 

'-all V '"•■ I k :, -.: :.-om ibe German 1 : , Q. B.Cl4IK% 1 

R-E,, Instructor in Mechanical Drawing Royal Indian I og . 
Hegtt, Cooper's Hi]]. Crown Svo, doth, 5*. 

A Practical T on Hcat y as applied to the 

Useful Arts I for the Use of Engineer*, Architects, etc. By THOMAS 
Box. Second edition, revaed and enlarged, crown S*o, ctah, izi- tWl 

The New Formula for Mean Velocity of Discharge 

vf Jbsrrt end Oaeels. By W. R. Ktrrra, tran&xlcd from nrtic't 
the i Caltnr-Ingenient. > By Lowis 1> A. Jackson, At£oc Test C.l_ 
£vu, doth, la/, &£ 

drautics of Great Rivers; foing Observations and 

$!(>:. ;:\, ,".• .-'•' ■ J. ;■!:■.:;; .','.■ ■SIM/t. By J. J, Vt l:V V. Iinji. atO, 

cloth, with 4ig)f/ fargs filatfj mt*l t&srft, a/. 2x. 

Practical Hydraulics ; a Series of Rules and Tables 

:i>: a«e of Engineer*, etc, etc By Thomas Box, Fifth edition, 
ctw t jwm > <i ft'j, pas* Sw* clwk, 5*, 



to 
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Tfic Fndi i Diagram Prac& ' i dered. By 

X. f. Ririu;ir, I in i A&MJWVHW MiiJtfatteiit, fifth edition, G) iWfl 

Oj clot It, (n, 6a. 

" rhi* Tehran {nvcmn one fe >' AC «fc"ch rankn it sbaxut n»rc;ui; dui festv- - 
a»x£c id waacb «t t> j Umlntrd . It n u: di3e»k w t»ie & tib^raK if itc iaictraac i* •ace 
M, sa£ ike ttniaf wiit c«4r*u7 *£<&•£% i» acr >itf i"y 07 ranjfc, bet p Trr" 1 " 11 - 
i H T Mi t yjcic ■■I m rtkfr tfe >-*u«5 e ^im e « it enpfexdr at i Mm *i -,» k«-r *> efcao* 
liyw AB p uj ii i T ■ ■ »H W ft ■ n m lby iiiuri^c m* Am mtak bdc i — c ti 1 ni 11 
t, * ».- 3-c :v< k ■" M 
nncn 

I .f _ R -r. 



■ -«c» •:< lit inaqpahaA iz '■- ■ .-f,-iii >*-.. ,.=_-- wnrrl -• - **■■»■ 



Link-M- and Exfiansioi Gear Practically 

sitfesM. Ky JV ••'.;■ 1 !'. s i nf tf, Ilhtjtrattil nrftk $0 ptnitt and 



Vtped :■ , sraol ;'■ , l tothj 30/ 
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7*&r Mechanician and Constructor for / ots; 

coapessg Forging. Kansas', Lining. Slotting; Stuping Tinag Serev 
-3, ett By Ca' t^hbu 96 /Ja&z, 1 f ■ 

•z/, «W 597 /**£*! tfbtttrfrta. Cheaper cditl&n, doth, iSr. 



7/5 *?/" Practical 

$h tkt Pritrt'pfr of Work x dcsigiKi'l for Engine mm; S*. infants, Uy 
Olives Bvhsb, formerly Professor of Mathematics College for Civil 

CCM, I 1 . i r ": edition, tfuairah'd fy 
pott Sro, cloth, jr. &/. 

Ca*TEXT»: 

Ckn. L H>/« Wucfc k MoMHiJ W» Umt l.«h wia *-<! » ike* gitn »a I* 

H>c i. TS* Wark «f Lm«s Antt, dW Lrbaec * Fnarai a* IwIiqj 
wf^eat ^M j l i t Ljuf M wn ■ fr ii j i i. TW | i T i Li fl t 1 < » y 1 ■WW o ttw fatnt 

r s- 1 •: .- . - ■" —.._",. + . . . - , .- -• . .., 

. :i_^ - '. . ' i . :.-.±t-:: h .--- 



'J'/ic Practical Millwright's and En& ri Ready 

■/ , :,.'.',•,-.>-,' oj Tables t i Sliding tta diameter mitt power of eoE-wneeS, 

diameter, wciplitj and power of f-liafo, tUllirietw -m- 1 itl 6a0 
Hy ThojiM Uixon. Fourth edition^ 13ms, 



Ctaraurn: 









- 




77^ Principles of Mechanii i •• >;■ ■/ . ■// /o 

Pemt Movers, A'&vul Arehitt£iurt, y Trm /jr.. " :.'- Supply, at. By 
W, J, MtLLAR, '-I '.. t* the I nsticu tiriii of I'i.i^inccj.i and 

builders, ScntliuMi. Crown Svo, clotb, 41. &L 
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A P " Treatise m Mill-gearing, Wheels, Sh 

fi; B u*e of Engineer*. By Tjiouas U'jx. Crourn 8*0, 

clol3i. second edition, 7/, fxf. 

Mining Macldu^rv; a Descriptive Treatise on the 

Mju Inn i 1 . 1 '•■ . CianCtf* us-:'' D 11 G. 

AXMii, F.G.S., Auoc Inst. CJL, M«m. of the Society of Engiaecst. 
Royal 410, uniform with the Aether* 1 Treatise on Cool MhnQ, eno- 
taining 1S2 /lifer, accuracy d.— wo. to idle, with Oc*ciipti*e text, m 
3 toJj, doth, jR 

CoecrOTit 

V— ^Mffy fur Pro^iecro- FiaotEt. Ili«E»; aad Hatdzar; - Yraribtin— f".3js*£— 
TTc*!.rca ii Mbtnl ProJKtb iaeii4i*c Gold and Saver, Ceftrtff. Ira, *a£ Lead, Im, 
t-oal,5dp*m. Ouhn Oaf. Urick Han' • 

73fcs" PaiUrn Makers Assistant ; embracing Lathe 

Work, Hriuidi Work, Core Work. Sweep Work, Mid riacLkat Gear 
Con .mi' ties, the Preparftrton tmd Dec ol T< ei who it I 

kctlon of Useful ana v tea) I I ibl u Bjr mi 

Wftl 95O ULtUrvihw. Crown giro, doth, lot &/. 

The Seiene. Manufacture of Portland 

.."-- - if>. v •-• -.: .. 1 :■■ '' ::ni-7 - : ;. : ::: :■ t "■, 

mumtTt t u tlhtitraiamj. By llXJiJt Y RciD, CrL, AKXhor of * A Pri -. 
- Concrete,' etc, etc Jfoo, dot} , 

!f Handbook of Plan and Map 

DfUVshtgi JflcJflding [tutructtoni fill the prcuaralion af Enginecrlm,', 
Architectural, ami Mt'chnnLcat Drawing. With r iHhtitftttteu' 

hi the text, ■ ■ !•. By G. G. AXDRK, 

:>., Assoc. Inst. C-E, <to, doth, reduced to 9/. 



Co>-natt»s 




1 fKllim' «»A Sown' Ha**— V »; 
I> ;j»ju,' — CfytaC "* a'tianfag Trtjaa'mrii'i' I '« 

The Railway Builder ; a Handbook for Esr: 

tli Fi-obaiilc Cost of American fciitvray L •• 

By Wn.T.iAM J, NlOOl.1 ->;, Civil Engitu ■ n , Illttsttattdt full hound, | 

book form, 7^. 6af. 

/?0r£ Blasting: a Practical Treatise on the means 

employe! in BLaging Rocks far Industrial Propose*. By G_ G. A*t»jt^, 
F.G.S., Astoc I** C.E. ffiaGi S 6 &****»** *** 1* /*to, 8*0, cloth, 
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Surcharv' ' ''fcrenl Forms &f Retaining H 

By J. £. Tatk. Cuu, Sto, sewed, at 

A Treatise on Ropcmaking as practised in public and 

frhmte foptyrdi, wtlh a DeicriptuM of the Uanufactare, Rules, Tabic, 
of ti tipping, Mining, Raili 

BuSldcjs, etc. By R. Chapman, formerly foreman" to Men« . Huddarl 
and Co., Llmehuusc, and late Mdtftet 1 10| ••.-maker to ELM, Docky ■ 
, lijr.o, cloth, 3/. 

Sanitary Engineering ; a Scries of Leeinr 

hf*rr ikt Scfal ij£n£imrsnii;. CktiAJm. Drrison T. Air.— Division II. 
iun 111. The Dwelling. — Division IV. The To*rn in.2 
Vfll ■v.-A: Ulttrtratcd 

By |. BAlLttl Photon, <'.V... P.G.S., Honoraxy Member af tha Ajfri 
etutaral Societies of Norway, Sweden, utd Kbaovcr, aw3 Author of be 
l »rm Honjefceadi of England,' * VHLijjc Sanitary Economy,' 'Storage 
of Walcr/ ' Sewage Tanning,' etc. Royal Swo, cLoth, =>i- 

Sattitary E .«£\- a Guide to the Construction 

. -s of Sewerage ud Hnuwc Drain.ijjc, with Tables for riurilitallnf 
-in ... ilental m n oftffi En^acer, By Baj.uvvin Latisam, CM., M. Inst. 
I I- . 1 .•:.:.•• ".:.;;-;, iM-n-Preslrlfiit o: the Society oi Hgi cat*. Second 
.lii :'. zvifJi mtmcr.' ttttd ■Sutws&w/.., O, f/, lOf. 

^ Practical Treatise on Modem Screw-Propulsion* 

By N. P. Bu ten, Engineer, filuiiraltd anftfc $* Acrge /£■&*- *«' 103 
■aitcJexts, 4I0, hah-mortxeo, 2/. ir. 

Screw Cutting Tahhsfor &&gi -turf Jlfuc/iimsts, 

giving the values of the different train.-. rcqaircd to peodcoe 

Screws of ibv pitch, calculated by Lord Lladtoy, Ml'., FJLS, F.R-A.S, 
etc. Royal Sroy doth, obiong, ir. 

Scrrti' Cutting Ta&ies, (or the use of Mechanical 

Ksirjineers, showing the proper .iirangcnuiit of YVhu-eis for culling the 
Tliii-uds of Screws of any requii'iiil pitch, with a TaMfc for ntttklllg thd 
I niVflfeB : W. A. MARTTN, 

Second edition, royal Svo* oblong, cloth, 

Treatise on Valve-Gian, with special consideration 

5'jtions of Locoreotirc Engines. By Vn. Gcstav 7.ZVSEM. 

vised and cnlarg©!^ translated fnrm Ih 
Special pern ii'.tion of the author, by M Svo, 

chilli, 12/. 6i/ t 
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Cleaning and Scouring : a Manual for Dyers, Laun- 
dress and for i)<mirttk Use. By S. CHmsToruKK, iStno, wwed, 6d r 

A Tr tails* on a Practical Met/tod oj ' Desigmng Slide- 

¥mSt Oe*ri fy S imAlr C-.< mtrw*l CnaOmtMrn, based qpoe tbc pri&dpZcs 
TTtfillrf in EacwT* EJancsu, and ttnpriExng the *aric*» foot* of 
Miia S,*i4*-Vahfc and Expttmkn Geniafi ; Icgctbei with SitpbcttiMi**, 
GwxhV, *nd Allta '* Liak-MoiicES, as applied other lo reversing or to 

variable expansion comblj. > J. • -,::n J. Cov . j, 

I 1 1 i\i, Inst. Meelijuucal Engineers. Cttrwu Svo, doth, 6s. 

The Slide I practically considered. By N. P. 

Braci!, Engicccr. Ninth edition, ■sitk SS i/hcrtta/utn, crows Si»o» 
doch, Ji. 

•4 Pocket-Book for Boikr Makers and Steam D 

compriuftjj a variety of nscfal ffifortnatkm far Emrilnvcr and Workman, 

Go-. il I- 

ofWorfa trad slr.s. Poveinenaf : Wa»&f»otories> and thopenara] Steam- 
lssiii^ t'ubHt fiy MAUtucE Joun Sbxton. Royal 3«nOj soon, gilt 
edges, 5./, 

Modern Compound Engines ; being a Supplement to 

Modera Mariae 'Etqpaaenag. Dy X. P. BtftcK, Meat. IssS. Meet. Eng. 
JVkmmm/ ImrgtfkUa tf awfiiy drwszMfi, 410, ckrfT-, i&t. 



-:..i.; 



(cm 1i »»c caotribolKi Wurldagr Drawings cf ibtJr bat ans irmA w-rwicja 

kcioie. 
ri-uji: 1 iti 1 L'J'*-, K-jvcnhil", JackKin P I'erSunt, Kapler, I _.:•, I 



A Practical Treatise on the S? hit, con- 

tamtiM> nans ami Arrangement* of l>etaili for Fixed Steam Eagjaes. 
ijrita Eazjs on the Priariplcs in v<:l*oi in Design ial Caesimctioa. Bf 
Asriiua RlGG, x-agraeer, lte»b«- of ike Socaetv 0/ Eagra*eri *ad of 
Ibe Royal Tas&tBtioa of Gnat Britain. Demy 4J0, ttfmij ObtttrB&d 
tali wtvwVaf/j una <)6 /laisr, in one Volume, half-boond morocco, zl, is.; 
or cac&pcr edition, 1 

This v.-t.'A Jk not, in any *Gfi*c, an elentpisLiirv tr.-.-.i. f, en history of ilie s,tciuit ttriplne, but 
in intended lo describe! «xnuipk; irf I I Steam f-Jtiirliies without uiti ring iltl tnc wide 
• l-. • 1. ...:. h ie*f*e 11 oflna prattle*. To this ead TUustiafciDn!", will Lei given 

rtlenl, iftuii, 3'iiiD.piri^r, ' ctahte. Semi- 

'■-a. CompocEjd, aiuj «tbcr sumibr rJtisiae*, Irj- (tu nwi cciaeat (nu a 

Orear BtilElia sad A«eia, T\c U»m fmbtiog Cntfc« tiftUm a»J pWCTirif'» b» cWcrrtU 

■n ifcc 1 la iWlb bTA» rtWi ^tago. mh as Cj itfJiH , IVsoc. H—iilili, Caaaectiar. 

_^. ^-_. i.. . ■^_-_^. J _ w ,_ «_ . - . -•, I, -^nTiami-iTl 

fl^-v^h^iMV^t^BX^ki tin lyoeJt>»a. laiaaumii.ia. U wafxfc— J 
«tn m» ibt Vcfaotj «f kfi^satslinc Jracs aad «W Unlc rf Aaarrc th> faaKaaor, 
Has u4 K i TfTmnn *f Sccan Ctnvnsn, aad ibe Dot. hsib njm'i Ocibx » dmr 

Oa«I»iHa> &«■ CV137 po«tiUc saarce, »ad B rre t«Iy U»«: r^ci ika: pia.t3Jlpr»clk< it;c3L; 

correct* 
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I :'". i of Squares, Cubes, Square /> 

Cube /Wr, Jtxif retail" ; OCt 1*6*1 %<ro, 

ckHi:. 

Camus (M.) Treatise art the Teeth of Wheels* demon- 

siraiing iltc best forms which m be girco to lhc= for lhe parpewet of 
Machinery, such, ft* JfiH-wodc and Clock-work, and the art of finding 
Ehdi un&ers, translated f ■ . iitiwn, auwRd 

and cnlmeed, with details of i He present jh.icIlcc of rVflllwigtitt, Snejne 
Matwn, and other Machinist!, By Isaac EIawkins, //Am 
.".w.'j, Svo, cloth, 5*. 



^4 Practical Treatise an Iks Science of Land and 

£Kgimrru& Sitr*rfittf, ZatMmr. EiHmrnti mg Qa*mtiU&, jfc, «-.-.li i 
«aKtal de«eriplMi of the acreial Instrmncnls required for Surveying, 
LcrcULac, Pit: MtaafcTT* 41 fmt ffafa adtk iUtth 

Svo, cloth, 1. 



Pkikcitai. Coni 



l t. f atre<kjctW acd tW Pcladnk* of Coxoatry. P«t z. Land Suevcrkc i «»> 
{«&*£ Ct&trA Ojaaawrima the Chan*— QCicts Symrhi by ** L'kunuBly— Sa**ty° 
M*T GboboI— To S-js-ivt mi Eaacc at -*jiiA V tb« O-vi oak— 5k««*«c *frit I 
TaaarfnfiM Miaaay z»3 T«-« Ssmfac-I^ii Sn a ■ >.! ■ ■. Hmiae Ofafaiga 1 



— 
Laniflhe, T»w Ln«4 Bw*-ft rfm i tmj t flw sad 5 t, c ri w 

1&'*oden Carve*— To Lar ** a Kaa^rar C«n*- 



Sc::iavj m Wtiibf- Part 4. Olcubbax Qisaaei&a gdanljr ft* Failaurn Cwtrim;* tmi. 
Lca'aukrsuilk — Tuaacli— llrki-TaA — iltw-urJt— Tiatlicl Measuring. Part 5. DatatriclM 




Hititabt lid^fn and Sectur. ]\»rr 6. Logwithin* ol Number* — w SI mi Bed 

ind Cn»T«HEen«s— N Hiirul Sine- »od Co- Semes— Tjbk» for KbJI 
fbf Selling wil Com*, aad far varsw* Cakttlacion*, «it, ate., *«. 



aStfSK 'jprntnit Actiatt, C. 

tkm, stU Cttfmnun tf Smmi tf all tend*. By Ru»££T GfcisiiJianr. 
With ;?0 il/usiratstHi, 4:0 clot?',' [3& 6i. 

y? Guide for ike Jilectrit' 7 Telegraph Cables* 

By Cap*. V. Htt.iKTCIk. Reittl I »n:i!; KB ■ ess, tUt iihistratitru* 

Second edition, crown Svo, cloth, 4/. 6-il 

Laying and Repairing Ekeiric Telegraph Cables. By 

Cap*. V. HowKto 1.. Royal Danish Engineers. Ctcnni Svo, doth, 
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A Pecktt-Boak of Practical Rules for the Proportions 

4 M+irr ' jxd BeOgrM fir lamd mmd Marine p*rt*st±. Bj X* I 1 . 

UVKUL Scvcath edition, roral ^zma, rots, 4*. 6i 

Table of Mms of the Natural Numbers, front 

I to 10S.OWL By Cilmujes Baceags. fc»q. f 1LA. Stereotyped o£uoe, 
royal Sto, dodi, jr. 6/. 

J <S* S I luuaVi, TUigp.% C rrfnr i, aad Tiy U*. TikUr 

by mm <lrtfcftrtt ?nkn; *»1 f=r!hrr. la koim «» j* 

Hg wa tTP"* *Sactoweret!Eaga?iat2>e Kail x OkInmIjc tshwsitr, oed a reward dfcrnl 

hi »»»•*»« »•>» couftt £ml an hMtcwacy. &> eoooct *ra thet* TafbZes. line ■J"*" ifadr fir»t 

bawls titjao trruc has beta t&eov.-: 

TIE* 5fez#f Engine cor a Heat Engine : a 

■ ■:■ ■"' h im Ee mi", illustrated byTJisgruai, 

Tab! , .11^! Examples from Practice. Bj [AS. l-f. COTTBWl,t7MiA.| 

Professor of Applied Mechanics in tlio Kovnl Naval Collide. Kvn. cloll*. 
I3J. Gd'. 

73S* Pra w£, Ivory. SI 

tfi > ■■' II tmtracdans fa J'.jh irl b T-- 1 1:1 as maybe requiu- I 

In lli' rf TEraiag in Wood. Ivory, etc, also aa Appendix on 

Ornamental Turning (A book foe beginners). By 
Second edition, 5rc££ srvW fngrartifft, crottn Sto, cloth, 6„\ 

Conrnarm 

Ob Ulttt^-Tvxk* Toaii— Toajis W »u j I WBm Sctct TuniilE Till 1 1 ■ I ■ni—i 

Health and Comfort in House Building, or Vcntila- 

titn caCA Ifkrx Air #y Sdf.Atli*t Smttom /Wrr # Vili Review of the 
mode of Caknluing the Itezngfet in HocAtr Floes, and wirb some -»*.^ 
Etperincsts. Ej J- DarauLE. M.IX, xad L W. HiWjuu^ M.IX 
Second * Sapplemcni, deny Sm, a&i /i*to, cloth, jt. 6J, 

Treatise on Watekagork* Past and Present. By the 

Rev. 11 L. NjaurEaorr, StJt, F.S.A. Nmmtrmti Uht&ntims. crown 

D«l^da>M of Wcnh jsad T«w» nioi in Wa(dr«t)ck— T«eb— Ttnc— tEiiofial Sum- 
maiy— On Catorlaik:. p| il t -Vumb«B rV-r Wtaali .muI Jlr-wai; tkstr Pro^Ktiw..! 

1 - ■ ' ■ • ....--: 

'■■' ■ " -'.itciicj— The Pendulum, or Spiral Spring — Cwnpeawijoi -Jcu'dtlip gl 

i.well— FaRacics of ilia T^wJe— IiiOtMi vat— Hm to Chg*»a 

and Liia a Wnieh., etc. 
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